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(57) Abstract 

An expert system for desigining a connected collection of compo- 
nents which are available or can be made in different forms, describable 
by a selected number of variables, comprises a knowledge base which 
comprises a plurality of records pertaining to types of connectable compo- 
nents having at least one characteristic, at least one rule for combining a 
component with other components, and an inference engine which in- 
cludes means for selecting a record for a first component, means for se- 
lectmg a second component, if available, connectable to first component, 
and storing information about a plurality of connected components. Con- 
stant characteristics include component name, component description, 
manufacturer identification number, price information, availabilitv infor- 
mation, a dimension, color or texture, and variable characteristics Include 
information about whether more than one component has been selected 
and, if so, information about a second component and how and where the 
second component is connected. 
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DESIGN TOOL AND METHOD FOR PREPARING PARAMETRIC ASSEMBLIES 
I. Field of the Invention 

This invention relates to a design tool and process for selecting and 
organizing interconnectable components and for designing, describing, displaying 
and manufacturing products having a number of variable characteristics. In 
particular, this invention is useftil for specifying and designing assemblies of 
modular fiimiture components and perfusion kits and for manufacturing wire 
harness assemblies, propellers, bolts and other fasteners. 

n. Backg round of the Invention 



Many industries are faced with the problem of assembUng diverse 
components into final products which generaUy are different for each customer or 
application. For example, in the office furniture business, several manufacturers, 
including Herman MiUer, Steelcase and Westinghouse, offer lines of components 
which can be interconnected to assemble modules with partitions, writing surfaces, 
storage, Ughts, etc., in a nearly infinite variety of differem configurations. In some 
office environments, different modules arc assembled to provide work rooms, 
25 secretarial stations and offices for all levels of employees. 

Another industry facing similar problems is the manufacture of perfusion 
kits. A perfusion kit is used by doctors during surgery to handle blood outside of 
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the patient's body. A perfusion kit may include an assembly of any of a number of 
tubes, branch points, valves, needles, injection ports and monitoring options. 

A persistent problem in designing and assembling collections of diverse 
5 components is the need to keep track of a large number of small components. For 

example, a typical modular secretarial station might consist of several wall units, 
multiple filing units, a typewriter surface, a desk, power inputs, lighting, plus 
numerous fasteners and plates which vary depending whether the module is free 
standing, adjacent to another module, or between two or more other modules. If a 

10 facility has 25 secretarial stations which are essentially identical but have some 

variations, the number of individual components can be very large. In order to 
keep track of aU of these parts, the industry has developed specifiers or computer 
programs that facilitate counting how many of each type of component are needed. 
Some manufacturers distribute current pricing and other information periodically in 

15 a computer readable format, which can be read into a specifier to generate a 

purchase order. 

The designer must order enough parts to assemble the modules, the 
manufacturer or distributor must ship enough parts and the assembly crew must be 
20 able to locate the parts to assemble each module. In practice, even with the 

assistance of a specifier it is difficult to keep track of the large number of discrete 
parts and industry practice is to order excess basic components, such as fasteners, 
to be sure enough are on hand to do the final assembly. This is wasteful of 
resources and adds to the cost of each assembly. 

25 
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Others have used expert systems for layout and design (see Watanabe et 
al., U.S. Patent Nos. 4,651,284 and 4.700,317; Hartsog, U.S. Patent No. 
4,964,060) or have sought to develop improved modeUing or space planning 
methods (see Thomson, U.S. Patent No. 4,642,780; Aish, U.S. Patent No. 
4,275,449). None of these references teach the present device or method or have 
been able to produce or manipulate the sophisticated and easily editable assembHes 
of the present device and method. 
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in. Sum mary of the Invention 

The present system and method provides a design tool for designing an 
assembly which is a combination of components, each of which can be described 
by a selected number of variables and which may be available or may be made in 
different forms. The design tool includes a rule base, a knowledge base and an 
inference engine. The knowledge base includes a plurality of records pertaining to 
types of connectable components, where there is a record containing characteristics 
for a connectable component and rules as needed to define combining the 
component with other connectable components. The inference engine includes 
means for selecting a record for a first component, means for selecting a record for 
another component to be comiected to die first component, and means for storing 
information about a plurality of connected components to form an assembly. 

The design tool makes use of constant and variable characteristics to define 
and manipulate components and assemblies. Constant characteristics include 
component name, component description, manufacturer identification number, price 
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information, availability information, dimensions, color or texture. Variable 
characteristics of an assembly may include information about whether more than 
one component has been selected and, if so, information about a second component 
and how and where the second component is connected to a first component. 

5 

One object of the present invention is to provide a convenient system and 
method for selecting interconnectable components and designing assemblies of the 
components where only allowed connections can be selected and a corresponding 
physical assembly can actually be constructed, 

10 

Another object of this invention is to provide a system for inventory and 
ordering control. 



TV. Brief Description of the Drawings 

15 

Figures lA, IB, IC and ID, respectively, illustrate four different views of 
an assembly with three frames, a work cabinet on one side and a workstation, with 
desk, light, shelf and drawers on the other side. 

20 Figure 2 illustrates a product list for the assembly in Figure 1, 

Figure 3 illustrates a screen display with menu choices which can be 
selected for the displayed Active Component in an assembly. 
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Figure 4 illustrates another screen display with menu choices which can be 
selected for the displayed Active Component in an assembly. 

Figures 5A and 5B illustrate a logic flow for menu traversal. 

5 

Figure 6 illustrates a flowchart for the first method of deleting a 
component. 

Figure 7 illustrates a screen displayed after DRC, showing items which 
10 failed a completeness check. 

Figures 8A and 8B illustrates two flowcharts for adding a component to 
the design database. 

Figures 9-29 illustrate screen plays for a design process. 

V. Detailed Description 

A. Overview 

The present invention may be utilized widi a variety of different systems. 
A system is a functionally related group of elements or components or an object 
describable by a bounded group of parameters. The present invention is capable of 
organizing and interrelating components of a system according to the characteristics 
of the components and predetermined rules. The components of a system are used 
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by the design tool of the present invention to form a design. This design is 
described by a design database. 

The basic criteria which make a particular system well suited to 
5 representation by a design database, and therefore, well-suited to application of the 

present invention, are: 1) the components of the system can be combined in many 
different ways; and 2) a limited amount of information can describe a combination 
of the components of the system. 

10 For example, systems which are well suited to the design tool include but 

are not limited to: 

a. Systems Furniture. This is furniture which exists in large numbers 
of components which are assembled according to customers* designs. A 
15 system may consist of several hundred to several thousand different 

components which fit with other components of the system. Several 
manufacturers manufacture one or more systems some of which include 
components which may be used interchangeably between systems. 

20 b. Perfusion Kits. These are assemblies of standard and variable 

components made and assembled on a custom basis according to 
physicians' designs. They may be used to handle extracorporeal blood 
during siu-gery. 

-6- 
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c. Other Assemblies: wire harness assemblies; HVAC; plumbing; 
telephone cable routing; motors. 

d. Impellers and Propellers. These generally are single component 
designs which are generated from a system whose elements are materials 
and geometric constraints. 

e. Other Single Component Designs: fasteners; bolts. 

For purposes of illustration, this document will deal with the systems 
furniture application of the design tool. Compass directions assume north is up, 
east is right, etc. 

The following description is set forth in sections. The first section 
contains definitions of terms frequently used in connection with the description of 
the invention. The second section deals with the structure of the design tool as a 
framework for use in different applications with reference to the currently preferred 
embodiment of the furniture systems. The third section discusses customization of 
the design tool for specific applications, e.g., for a specific manufacturer's line of 
systems furniture. This process is typically implemented under the direction of a 
programmer and an experienced designer. The fourth section describes the system 
specific features of the present invention in greater detail and the last section deals 
with examples operation of the present preferred embodiment. This process is 
typically carried out by everyday users, who need have litde experience yet can 
design functional assemblies. 
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B. Definitions 

A number of basic definitions are set out in this section which may assist 
the understanding and explanation of the present invention. The following 
explanatory discussion is not meant as a complete glossary, since many terms are 
introduced elsewhere, in the logical flow of the description. 

In a systems fiimiture application of the present invention, the system is a 
collection of different furniture items, such as wall-units, shelves, connectors for 
same, etc. These furniture items are components within the system made by a 
manufacturer. Components are designed to fit together interchangeably, for 
example, a shelf may be available in a predetermined number of widths (e.g. 24", 
36" and 48") which are the only widths available for shelf supports (firame, tile, 
etc.). 

One of the basic components of a furniture system is a frame, a generally 
rectangular structural component. A firame can support various components such as 
storage cabinets or work surfaces. Referring to Figure 1, a number of components 
are illustrated. Frame 10 is attached to empty firame 11 and wall cabinet 12. 
Frame 10 has been completed by adding attachable components storage cabinet 13, 
light 14, work surface 15, pencil drawer 16, and suspended drawers 21. The 
remaining open spaces on each side of firame 10 are filled, in this example, with a 
fiill set of tile faces, four acoustic tile faces 17 and four mahogany wood tile faces 
18. Figures lA, IB, IC and ID represent views of the same assembly. 
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A con^onent can be described in terms of its attributes, preferably defined 
by one or more constant characteristics generally sufficient to describe the 
component. A constant characteristic is constant for a specific component but 
variable between components and might include color, height, width, depth, 
texture, powered, non-powered, and other characteristics needed to describe the 
component and distinguish it fi-om other components in the furniture system. Other 
usefiil constant characteristics may be associated with a component such as a 
description of the component suitable for use with a CAD display program (e.g., a 
Ubrary file for AutoCAD®). StiU other usefiil constant characteristics may define 
points on the component at which other components can be connected. The 
constant characteristics of individual components may be stored as variables in one 
or more constant databases such as the part database, geometry database and option 
database described below in Example 1. 

Some components are primitive components which are unitary components, 
not divisible into other components. Some components are custom components 
which may be defined and recorded in a design database or incorporated into 
records similar to the records for individual components. Once defined, these 
custom components function just like other individual components or primitive 
components. 

An assembly is a collection of one or more linked components. The 
design tool allows linking components in essentially any configuration which is 
possible with the achial, physical components. Each assembly is represented by a 
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design database which will be described in detail below. An assembly may include 
not only individual components but also other assemblies, sometimes referred to as 
"sub-assemblies" or included assemblies. 

The design database contains individual records for each component of the 
assembly. Each record references information which describes the component, 
e.g., a record in the part database for that component. A design database for an 
assembly can include entries for essentially any combination of components and 
assemblies. A design database entry for a component references pertinent 
information about that component in one or more constant databases. A design 
database entry for an included assembly references another design database, one for 
the included assembly. 

In one application of the design tool, the final product is a single 
component but the design tool is used to select materials and geometric features, 
e.g., the pitch of threads on a bolt. In such a system, an assembly is a collection 
of parameters or other constant characteristics. Other examples of a single 
component system are manufacturing of impellers and propellers which have 
variable structural characteristics and materials as system components. 

The design tool can accommodate certain special assemblies such as a 
"Tile Typical" or an "Interior Typical." These special assemblies consist of a 
group of components fixed in space relative to each other but without a specific 
position or orientation in absolute space. In general, these components do not need 
to be, and are not, connected to each other. These special assemblies can be 

-10- 
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connected during the design process to another component or assembly to complete 
certain design needs. 

A Tile Typical is a characteristic choice and arrangement of tiles for use 
on the surface of a frame. One or more tile Typicals can be preselected to 
accommodate the design goals for a project. Referring to Figures IB and ID, tile 
descriptor 17 refers to a Tile Typical consisting of four acoustic tiles, 48 inches 
wide. Information on the specific part numbers, dimensions, etc. is available. In 
figure ID, the tiles are shown in a three-dimensional projection, largely hidden by 
the tiles of Tile Typical 18. Tile Typical 18 consists of four wood tiles, also 48 
inches wide. Tile Typical 17 has been selected for the "north" side of frame 10 
and Tile Typical 18 has been selected for the "south" side of frame 10. A menu 
selection of pre-defined Tile Typicals is illustrated in Figure 24. 

An Interior Typical is a special assembly of interior components. An 
Interior Typical might consist of a series of work surfaces, drawers, cabinets, etc., 
for use in a typical work area for an employee cubicle. Another Interior Typical 
might be the interior for an executive module with a high grade of finishes, certain 
storage or light facilities, or other components selected by the system designer. 

Since assemblies can be used in other assemblies, each time an assembly is 
changed, that change can be marked, e.g., with a flag, so the design tool knows to 
check all marked included assemblies to determine the impact of any changes. If a 
change in an included assembly renders the existence of the including assembly 
logically impossible, the included assembly is deleted firom the design database for 
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the including assembly. For example, a change to an included assembly may result 
in that assembly being too large for the available volume in the including assembly 
in which it is installed. 

5 A cluster is another special assembly, one that is "complete" or one which 

has no open connection point which must be connected to another assembly or 
individual component. For example, a component such as a frame should be filled 
on essentially all faces and edges, by, for example, a complete set of tiles or other 
components plus a top cap and either a connector to one or more other frames) or 
10 an edge cap. It may be possible to add additional components, e.g. one or more 

shelves to a frame in a cluster, but no component in a cluster needs to be 
connected to any additional component to be complete. 

One or more clusters can be placed in space to complete a design. For 
15 example, a complete design may have one cluster designed as a secretarial work 

group, another cluster designed as an engineer work group, and a third cluster 
designed as an executive work group. A complete design might consist of a certain 
number of secretarial clusters, a number of engineering clusters and a number of 
executive clusters. The complete design could be the sum collection of each of 
20 these clusters. 

Another feature of the design tool is a "space plan." In a preferred 
implementation, the space plan begins with an outline of the available space, for 
example, a blueprint of the building shell. Clusters or other assemblies can be 
25 placed within the building shell in a non-contiguous manner. For example, one 

- 12 - 



BNSOOCID: <WO 930l557A1,t > 



wo 93/01557 



PCT/US92/0S650 



suitable assembly can be a mere outline of a cluster without completing the entire 
cluster. A user may represent a large design schematically without finalizing 
details until overall design criteria have been satisfied. 

Clusters can be placed within a "building shell" in a non-contiguous 
manner to form a "space plan," which encompasses the entire design. Building 
shells are volumes defined by the system. Accordingly, a design database for a 
space plan assembly may reference design databases for one or more cluster 
assemblies or fi-ee standing components used in the space plan. Cluster assemblies 
may reference one or more Tile Typical or Interior Typical assemblies. 
Throughout this description where die use of an individual component is 
contemplated, a primitive component, custom component, or assembly may be used 
interchangeably depending on the physical constraints of the system. 

The design tool for a given system is fiiUy determined, which is to say 
that preferably all legal assemblies can be designed and no iUegal assemblies can be 
designed. In actual practice, it is sufficient to design most legal assembHes and 
almost no illegal assemblies. 

A design is all the furniture in one project and how it is combined. A 
project is the user's requirement of systems furniture for a specific application. 
For example, a customer may commission a vendor to complete a project which 
consists of fiimishing an office. As a part of this project, the vendor wUl use the 
design tool to arrive at a furniture design. 
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The concept of variables as used in the present invention is important to 
the design process. For example, variables define the status of an assembly during 
the design process. The status of a component is the combination of constant and 
variable characteristics which are relevant to the design tool at the time the design 
tool is performing an operation which modifies or checks the current configuration 
of a component. For a preferred embodiment of the systems fiimiture application, 
the software maintains the values of some three hundred different variables in the 
form of unsigned short integers. These variables govern the actions of the design 
tool, A selected subset of these variables is saved with each record in the design 
database and describes the variable characteristics of the logical condition of the 
component which corresponds to that record. The number of variables required 
depends to a large extent on how many types of components are available from the 
manufacturer, how they fit together, which combinations are and are not allowed, 
etc. 

C. Structure of the Design Tool 

As described below, the design tool consists of several parts, including a 
knowledge base, a mle base, an inference engine, an expert user interface and a 
graphic system. These parts of the design tool are integrated with information 
regarding the specific characteristics of the components of the furniture system and 
how they interrelate so that the design tool will be capable of creating a design for 
the particular furniture system. 
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Other parts of the design tool which will be discussed in this section 
include the documentation control and automated output control. This section will 
describe the general structure and functional interrelationship of the parts of the 
design tool. 

1. Knowledge Base. 

The knowledge base is a set of databases containing information pertaining 
to components within the system which are the subject of the design tool 
appUcation. Generally, this information consists of the constant characteristics for 
each component. As discussed above, constant characteristics for a component 
which may be stored in the knowledge base include comiection vectors, graphical 
information such as drawings of the component, assembly instructions and 
availabiUty. Connection vectors are represented by vector variables which 
correspond to potential connection points for a component and whose corresponding 
values as stores in design databases describe the current geometry of the 
connections for that component. 

The knowledge base is a basic component of the design tool, although the 
specific databases required to describe and manipulate a given system may vary 
with the appUcation. The foUowing discussion and examples describe a series of 
databases useful for tiie preferred implementation of the design tool for the systems 
ftimiture. One skiUed in the art can select and create appropriate databases for a 
variety of appKcations that come within tiie teachings and claims of this invention. 
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The information to be entered in the knowledge base depends on the 
particular system modelled in the design tool. This information might come from a 
manufacturer's catalog or from other sources. In general, this information should 
be entered and checked carefully. This entry typically is done by or under the 
supervision of an experienced programmer. 

2. Rule Base. 

The rule base contains rules for what components can be combined with 
other components and under what conditions they can be combined plus what 
components must be present under certain conditions. Rules are used in the design 
process to allow proper combinations of components and disallow improper 
combinations. These rules are preferably based on characteristics of each 
component which depend, in turn, on the system in use, e.g., a certain frame or 
type of frame can be coimected to a certain type of connector or a certain type of 
tUe. The rules should accommodate different states of a component, for example, a 
combination of the first component with a second component may be allowed for 
the first component alone but a subsequent combination with a third component 
may be affected by the fact and nature of the combination of the second component 
with the first. 

In the preferred embodiment of the present invention the rule base consists 
of two parts: (1) a menu database which includes rules for menu selections and (2) 
global rules. The menu database contains rules which define whether and how a 
component can be connected to another component. The rules included tests for 

- 16 - 



wo 93/01557 



PCr/US92/O56S0 



various conditions, e.g., the presence or availability of certain types of connections 
or components. The rules also control the display of menu options, preferably 
showing only options which are possible at a given stage of the design process and 
not showing or otherwise indicating choices which are not possible at that stage. 
Preferably, the present invention is menu driven. That is, during the design 
process the user makes selections from a list of displayed selections. These rules 
operate to constrain the design process by limiting the selections available 
depending upon the component upon which another component is to be added. 

Some rules govern the selection of defaults by a user. Before beginning 
the design process the user may select certain options which will either limit 
subsequent menu selections or cause selections to be made automaticaUy. 

Global rules govern the interaction of components which are not 
necessarily directly Unked to one another. Global rules might not be useable 
during the design process to determine what components may be combined with 
other components and how the components can be combined. That is, the 
combinability or state of a component may change dependent upon the addition of 
other components in such a way that the change cannot be detected during menu 
traversal. During menu traversal the rules are dependent upon the known 
information for a component to which another component is being connected. 
Thus, there is limited access to or use of information during menu traversal during 
the design process regarding other components which may impact the combination 
of two directly linked components. 
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3. Inference Engine. 

The inference engine selects and applies rules from the rule base using 
information from the knowledge base to direct and implement the design process. 
The inference engine passes information from the design database to the graphic 
system, described below, to display selected information from the knowledge base 
according to the rules in the rule base. During the design process the inference 
engine accepts input including user choices through menu selection and input based 
on application of rules. 

The inference engine calls the design rule check (DRC) when a design is 
saved. The design rule check applies the global rules to the complete design 
database to detect errors in design. In the preferred embodiment, the design rule 
check checks local design rules which are for the most part taken care of by the 
design process. The global design rules test for design completeness and for 
proper interaction of components and not just the characteristics of individual 
components. Example 6 below further describes the design rule check in 
connection with its operation, 

4. Expert User Interface. 

The expert user interface includes a series of menus, presented to the user 
by the inference engine in accordance with the rules and conditions in effect at the 
time. The e3q>ert user interface is applicable to many parts of the design tool and 
minimizes the program user's steps required to control the design process. 
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The expert user interface is responsive to user commands to control 
program operation and cause the creation of a design. The expert user interface 
directs the creation of the design by means which wiU be described more fiiUy 
below through examples but which employ the knowledge base, rule base and 
inference engine. 

The user may select a component by a user mouse digitization (mouse 
button press at a screen location) which makes the selected component active. The 
design tool permits components to be randomly accessed or selected from within 
the design when selecting a component. 

The expert user interface minimizes the required input into the design 
process by the user by only allowing the user to select viable menu selections 
during the design process and by outputting meaningful messages as a result of the 
design rule check. AdditionaUy, the expert user interface wiU make selections for 
the user whenever possible. For example, if certain default conditions have been 
estabUshed (typically stored in a default database) then whenever the interface can 
make a decision based on default information, it will do so. If a user preselects a 
default that all new frames will be powered and have a certain height, then 
whenever the user would have been presented with the option of selecting powered 
or not, the interface will automatically make the selection of powered. Similarly, 
when the user would have been presented with the option of selecting frame height, 
the interface will assign the frame height based on the default values. These 
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defaults can be applied to many types of components without preconfiguring each 
component type. 

As another example, if the height of an attached component is required to 
be a certain value in order to be attached, the expert user interface will make the 
height selection without consulting the user. As another example, if a group of 
frames has the correct configuration to connect to the components of an Interior 
Typical, the expert user interface and the inference engine will effectively make all 
required connections automatically. 

5. Graphic System. 

The graphic system produces graphic representations of the design or 
portions of the design during the operation of the design tool. The graphic system 
can display images of components, assemblies and designs by referring to the 
design database and knowledge base. The graphic representations of the current 
design are updated and displayed as the design is changed. 

The graphic system includes tools which allow the user to make basic 
display modifications such as zooms, pans, windowing, and graphic displays of 
different information about the design. Graphics are produced automatically based 
on information in the databases; the user never manipulates the graphics directiy 
but the graphics visually "echo" the design database. Metagraphics version 3.8A( 
now version 3.7C used) was used to provide the graphics environment (primitive 
graphics functions) under DOS. 
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The graphic system also can display part numbers, e.g., 20 in Figure lA, 
or information about components or surfaces. Figures IB, 4 and 7 include 
readouts for Tile Typicals 17 (four acoustical tiles, in order, top to bottom along 
S the frame) and 18 (four wood tiles). 

6. Documentation Control. 

These tools control the automatic filing and revision assignment of the 
design database for a design of the project. Filing and revision information is 
stored in the Project Database and in an assembly level database, i.e., the CIT 
database. 

7. Automated Output Tools. 

At various points in the design process, or external to the design process, 
the user may elect to automatically produce various forms of output. The design 
tool refers to the design database and knowledge base, which together completely 
define a design, to automatically create reports or representations of the design in 
other usable forms such as: 

Bills of materials. 

Inventory modification and order entry information. 
Manufacturing and QA instructions. 
Just-In-Time manufacturing process. 
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e. Plots, e.g. on paper media. 

f. Quotations. 

g. Assembly/Inspections times. 

h. Shipping information (volume, weight, delivery schedule). 

i. Manufacturing Resource Planning (M.R.P.) 



Design information can be accessed in a usable form to create 
representations of the design in many other forms. These forms include the output 
listed above, as well as representations of the constraints under which the design 
was created (this could include, for example, a listing of the user selectable rules in 
place during design). The design database, or a set of design databases, can also 
be referenced for statistical analyses of their components. 

One of the automated output tools interfaces with computer aided design 
software to produce two or three-dimensional representations according to a CAD 
image database. These CAD models can be wire-framed, surfaced or solid 
modeled. See Figures lA-lD. Tool paths and/or post processed numerical control 
(NC) files used for the automated machining of parts may be produced from the 
CAD models automatically. 

External to the design process, or within the process by way of 
constraining the possible generation or insertion of sub-assemblies, the design tool 
is ideally suited to the incorporation of group technology. Group technology can 
be used to assign certain values to database entries which are dependent on or 
reflect selected parameters within the database entry. That value can be used to 
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quickly search for database entries that have selected parameters. In addition, 
group technology can be used to examine the design databases. 

One useful platform for implementing this invention is an Intel-386-based 
computer running under MS-DOS 3.2 or higher. A color VGA monitor is useful, 
although an EGA monitor can be used. A hard disk is recommended, e.g. 40 
MByte. Some implementations of a program using this invention may require more 
than 640K base RAM. Phar Lap Software 386 j DOS Extender can be used to 
avoid this limitation. The protected mode version of Metagraphics (Metagraphics 
Premium, Version 3.8A), version 6.0 of c-tree File Handler, and the Watcom C 
8.0/386 compUer were used. One skiUed in the art will recognize other platforms, 
compilers and software accessories that can be used successfiilly to implement the 
present invention. 

Currently, .RTLinkPlus made by Pocket Soft is used instead of the Phar 
Lap DOS Extender. Further, the real mode of the Metagraghics graphics software 
is used, as weU as, version 4.3 of the c-tree File Handler, and a Microsoft C 
compiler. 

CustomizinP the Desiprn Tool to Rp ^ Hfic App liratmnc 

The design tool must be customized to operate with specific systems. 
Information specific to each system must be input into the various parts of tiie 
design tool for that particular system application. TTie type of information which 
must be integrated into the design tool includes design constraints and component 

- 23 - 



wo 93/01557 



PCr/US92/05650 



information. As discussed above there are many systems to which the present 
invention may be applied. In a present preferred embodiment the design tool is 
applied to furniture systems. 

Design constraints are generally those rules which govern the formation of 
designs. As discussed above in the definition section, rules are stored in the rule 
base. In the furniture systems application an exemplary type of rule governs 
connection of components or classes of components which have corresponding 
connection points which match in height and type of connector so adjacent 
components may be physically connected. 

Some overlap exists between design constraints or rules and component 
characteristics in that the rules for a particular system are heavily dependent on 
component characteristics. Many rules relating to the compatibility of components 
to be linked refer to the dimensions of the respective component and, therefore, are 
a source of component characteristics. 

Design constraints and component characteristics are generally entered by 
a programmer or designer of the particular application for die design tool since this 
information defines the design process and effectiveness of the expert user interface 
in facilitating the use of the system by individuals who are not designers for the 
particular system. Entry of the design constraints includes determining appropriate 
operational choices to be displayed in the menus of the design tool. Further the 
storage of the component information must be structured effectively to enhance the 
overall operation of the design tool. 
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Customization of the design tool to a particular system also involves 
structuring the graphic system and automated output tools. The graphic system is 
designed to enhance the visualization of the ongoing design process. The 
automated output tools are designed to produce outputs which are useful to the 
user. 



E. Usinp the Design Tool 



Using the design tool to produce a design database is an interactive process 
wherein the user is aUowed to make legal designs, that is, physicaUy constructable 
designs, and prevented from making illegal designs, all without requiring any 
specific technical knowledge of the software and generally without extensive 
knowledge of the components available in the system. This interactive process is 
menu driven and mouse controUed, with a menu on the left side of the screen and a 
graphic window on the right side. 

The design process is menu driven in the sense that the expert user 
interface operates to ftjmish a number of possible operational choices in a menu 
which the user selects from. The menu Usts available legal operations which may 
currently be performed on the design including components which may legaUy be 
added. The graphic window shows a graphic representation of the design in its 
current state. The user may use the mouse to make a menu selection or to select a 
component of the design represented in the graphic window. This process of 
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mouse selection is often referred to as digitizing (or "diging") a menu selection or 
component. 

Example 8 below illustrates the operation of the design tool in forming an 
5 assembly. The process of Example 8 is illustrated in connection with Figures 3, 4, 

and 9-29 which are screen dumps taken from the display screen during the design 
process. This example illustrates the physical operations that a user performs in 
implementing the processes described throughout the current application. 

10 1 • Summary of Operation 

a. Set Default Values 

In a presentiy preferred embodiment of the invention, the user may set 
15 certain defaults, if desired, which wiU govern the general characteristics of the 

design, e.g., selection of materials or the height of a structural component such as 
a frame. For each variable which is not set to a default value, the user will have 
to enter the appropriate information for each component affected by that variable. 
Thus, use of defaults facilitates both consistent and rapid design of an assembly. 
20 The default information is stored in a default database. 

Information in default databases allows automatic selection on some menus 
during the design process. They also set some basic conditions of the design 
environment. This information in the default databases can be modified by the user 
25 prior to or during the design process (through the user commands). In setting these 
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default conditions the user is placed in the same expert menu environment used to 
govern the creation of design databases, generally without a graphic area. For the 
furniture systems application, the setting of user defaults is sufficiently complex to 
warrant such control to prevent conflicting or incomplete default conditions. Menu 
traversal while setting user defaults modifies the default databases rather than a 
design database. 

b. The Design Process 

Design begins by selecting and inserting a first component in the design. 
After the user selects the class of component, e.g., a frame, the design tool 
provides a series of menus from which the user can specify characteristics, e.g., 
height and width, powered or not, and color, necessary to select a unique 
component. Some of these characteristics may have been predetermined and stored 
in the default database so that they are autoselected. 

An activatable component may be selected from a menu or from the 
currently active design by using a mouse to position the screen cursor over the 
component and clicking ("digitizing" or "diging") the component. Selection of an 
activatable component makes it the Active Component. The Active Component is 
highUghted and an active menu is displayed listing all of the operations which may 
be peiformed on or with the newly activated component. 



Components are generally of two types: activatable or non-activatable. An 
activatable component can be made the Active Component while a non-activatable 
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component can not. Typical non-activatable components are unique components 
which can be connected to only one other component and cannot be modified,e.g., 
fi^ame caps, carpet grippers or socket cover plates. Typical activatable components 
can be connected to more than one other component and are modifiable, e.g., a 
frame which may connect to one or more other frames, to tUes, to top caps, to 
carpet grippers, to work surfaces, to cabinets, and to many other components. 

The design tool provides for a hierarchy of components. In a preferred 
embodiment of the present invention, activatable components are generally 
classified in an hierarchy and non-activatable components are classified in a 
separate hierarchy. The hierarchy is a deletional hierarchy in the present invention. 
For example, when an activatable component is deleted all non-activatable 
components linked to that component are deleted because the non-activatable 
components are in a lower deletional hierarchy. 

Where there are other types of components which share consistent design 
rules and relationship to other components, e.g., a deletional preference, these 
components may be grouped into a hierarchy of components. Thus, the 
hierarchical classification of activatable and non-activatable components is not 
meant to be restrictive. 

When creating a new assembly, the first component is selected through 
initial menu traversal and placed in the assembly coordinate system by aligning the 
assembly coordinate axes with the component coordinate axes at both coordinate 
origins. See Examples 1 and 8, below. The design tool is used to design 
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assemblies into building shells. Building sheUs are defined volumes into which an 
assembly must fit. Each assembly is assigned its own coordinate system. The 
coordinate system of the graphic area of the screen corresponds to the coordinate 
system of the assembly currently being designed. 

The active menu for essentially each activatable component has a selection 
called "User Commands" which aUows the user to access the user commands. In a 
space plan assembly this process is different in that all clusters are inserted ft-om 
the user commands menu, while digitizing a cluster on screen opens the design 
database corresponding to that cluster assembly for modification and makes a 
component in the digitized cluster the Active Component. See Example 5 and 
Figure 8 for a flow chart of the addition of a component to a design database. 

Once the user selects a component or existing assembly to be added to the 
design, information about that component is entered in appropriate databases and 
the graphic display is updated to show the component. The menu is updated to 
show legal additions or changes to the component, plus some system options. The 
user continues by choosing and specifying additional components or assembUes, 
gradually building up an assembly. 

Each component in an assembly of components is assigned a component 
number specific to that component with reference to that assembly. In a preferred 
embodiment, die lowest available component number is assigned in the order that 
the component is added to the assembly. Thus, the first component selected for an 
assembly is assigned a first, i.e., least component number, initiaUy, and the second 
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component is assigned that number plus one. Each succeeding component is 
assigned the lowest, next available component number. 

In the systems furniture design tool, every component except one is linked 
to exactly one other component of lower component number; this component of 
lower number is called the destination component for the corresponding linked 
component. One component of the assembly, called a root component, will have 
no destination component to which it is linked. 

A component may be a destination component for more than one 
component. In most cases the linkage of a component to its destination 
corresponds to a physical connection but in some cases the components may be 
linked and have a fixed spatial relationship relative to each other but not be 
physically connected. For example, two adjacent, connected frames have a 
physical connection but a chair and a desk may be linked together logically in an 
assembly without any physical connection. 

The interconnection of components for an assembly is available from the 
design database records but is also available from indexed values. That is, there is 
a list of all the component numbers used in an assembly and the destination 
component corresponding to each component. 

In order to illustrate a preferred implementation of the device and method 
of this invention, the specific example of systems furniture design is described 
here. Example 1, below, provides additional detail regarding the various databases 
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used by the design tool as a precursor to examining the design process itself. 
Examples 2 and 3 detail variables, menu structure and the process of menu 
traversal. Example 4 describes the process which occurs when a user digitizes a 
new Active Component from the graphic display. 

5 

While designing an assembly, tfie user can elect to modify an included 
assembly design databases "on the fly". The user may also elect to create an 
assembly and may pre-load pertinent conditions of the current assembly into this 
new assembly. This pre-loading of design constraints ensures that the new 
10 assembly will fit logically into the current assembly at the current Active 

Component. Both of these processes allow the user to make design decisions about 
an assembly while considering (or being Umited by) its use in another assembly. 

When designing an assembly the user works within the coordinates for that 
15 assembly regardless of whether the assembly being worked on is part of another 

assembly. Thus, the user only sees the graphical interface for the assembly 
currenfly being designed whether or not it is being created or modified. As part of 
this display, preloaded pertinent conditions may appear as phantom frames. 



IS 

in 



The assembly of primitive components into contiguous assemblies 
accomplished by fitting them together within the assembly coordinate system 
accordance with a set of expert rules. The expert user interface in conjunction with 
the rule base governs the design process. The records in the menu database are 
indexed by menu number, each corresponding to a different set of selections to be 
25 displayed in the menu area of the screen. In addition to this text, each 



menu 
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contains the expert information which governs its display, its basic reaction to a 
menu selection, and some basic environmental descriptions such as whether or not 
the user may currently digitize a new Active Component. The reactions to a 
selection include: loading the next menu; adding a new component or sub- 
assembly to the design database; and changing variable values. See also Examples 
2 and 3, below. 

The number of, and the logical and physical relationships among, the 
components in a Tile Typical are completely determined by the design tool. Menu 
traversal under these conditions can be thought of as a branching system of logical 
possibilities beginning at the first component and ending at the pre-determined point 
of the last component. 

Referring to Figures IB and IC, components 13, 14, 15, 16 and 21 were 
added in a single user action by selecting a predefined Interior Typical, 003A in the 
menu shown in Figure 26. The Interior Typicals are notable for the fact that 
insertion of components in these assemblies is subject to wide geometric variation 
which must be logically controlled. To enable this, whenever an Interior Typical is 
being designed, a PHframe database is created and modified (see Example 1). 

Cluster assemblies differ from Interior and Tile Typicals in that they allow 
the insertion of assemblies. To facilitate this, a variable CIT (Cluster Interior Tile) 
database is used to record just the characteristics of each extant assembly which 
need to be examined in order to determine whether or not the insertion of any 
given assembly is legal at the current Active Component in a cluster. This 
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prevents the design tool from having to generate this information from each 
assembly design database every time any assembly is inserted. 

At this point we are ready to describe more specific operations of the 
design process which the user controls via the design tool under the constraints of 
the design tool. 

3. Component Operations 

After component selection, if the selected component is activatable that 
component is the Active Component and the menu displayed is the active menu for 
that component. A number of variables are maintained by the design tool which 
describe various aspects of the assembly in which the deign tool user is currenUy 
working. These variables represent the status of the assembly. Some of these 
status variables are specific to the current Active Component and are stored with 
the record for that component in the design database for that component. 

The design process can be broken down into three separate processes: 
adding components, deleting components, and changing components. 

a. Adding Components. 

The addition of a component to the Active Component is accomplished by 
selecting a component or type of component fi-om the menu selection in the active 
menu for the Active Component. The design tool leads the user through a series of 
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menus until the selected component is completely defined both in relation to 
constant characteristics and in relation to the assembly in which it now occurs. 
This new component record is added to the design database and to any pertinent 
temporary databases, and the graphic system portrays it on screen. 

During the process of traversing the menu for each menu selection selected 
ones of the status variables are altered. The inference engine responds to each 
menu selection by changing information which reflects the consequence of that 
selection to the current assembly. A subset of this information, i.e., selected 
variables, is stored in memory in a record corresponding to the component once the 
component is added. 

The added component has the component which was the Active 
Component at the beginning of the addition process as its destination component. 
The added component is linked to the destination component and is a new element 
in the current assembly. 

Components may be added in between other components in a process 
called midrun addition. This process is similar to the process of midrun deletion 
described below. When a component is added between two or more other 
components the connectivity and vector information for each of the affected 
components must be changed as well as shifting the location information within the 
assembly coordinate system to reflect the changed position of the various assembly 
parts. 
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If the new component is activatable, then the new component becomes the 
Active Component and the user is presented with the active menu for that 
component. Otherwise, the new menu is the active menu for the previous Active 
Component. 



b. Deleting Con^onents. 

Deletion of components is accomplished through the user commands. 
Whether or not a component is deletable is determined by its logical status as 
defined by the deletability variable. As discussed above, the deletability variable 
starts at zero for a given component and is incremented by one every time an 
activatable component is linked to the given component or the given component is 
Hnked to another component. Thus, if the deletability variable is greater than one 
then that component is Unked to at least two other components. A root component 
which does not a destination component will only be linked to other components 
which have the root component as a destination component. 

Each record in the design database for an assembly includes the 
deletability variable and the component number of the corresponding component's 
destination component, except for the root component which has no destination 
component number but does have a deletability variable. The deletabiUty variable 
and destination components for each component in the current assembly are saved 
in a temporary database called TJsam as discussed below in Example 1. Storage 
in the temporary database permits quick reference during the design process without 



- 35 



557A1.J,> 



wo 93/01557 



PCr/US92/05650 



having to determine this information from each individual record in the design 
database. 

Deleting a component will also delete all components of lower hierarchical 
value which are attached to the component to be deleted. That is, when an 
activatable component is deleted all non-activatable components attached to it will 
automatically be deleted. This said, there are two distinct methods of component 
deletion within a design database which are selected depending on the value of the 
deletability variable for the component which is selected to be deleted. 

Method One. (Deletability equal to 1) 

This form of deletion occurs when a component is deleted which will 
affect the logical status of some of the remaining components but will not affect the 
geometrical connections among them. By status we mean status variables such as 
the deletability variable and vector variables saved in the component record. By 
definition then, a component deleted according to this method must have no 
component of equal deletional hierarchical value which lists the component to be 
deleted as its destination component (unless it is a root component, which does not 
have a destination component to which the root component is linked and has exactly 
one component linked to it). Deletion of a component by method one may change 
whether or not its destination component (or in the case of a root component, the 
component of equal hierarchical valued connected to it) will be subject to deletion 
by method one or method two. Referring to Figure 6, the record number of the 
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component to be deleted is retrieved, the Least Item variable is set, an Object 
Number ("ON") variable is set and the Active Component variable is reset. 



Accordingly, this first method of deletion is the simplest method and is 
used for components which are on the end of or at the beginning of a sequence of 
addition in assembling an assembly. That is, method one may be used to delete aU 
non-activatable components, activatable components which have no other 
components linked thereto, and a component in an assembly which has no 
destination component to which it is linked, i.e., a root component. 

In the case of the root component, there can be only one component listing 
it as a destination component for it to be deletable by method one. Thus, this 
method is appropriate for deleting end activatable components and all non- 
activatable components. In this end run deletion, the consequence to the assembly 
by the deletion of an end run component includes change of variables, and in the 
case of an activable component, deletion of all non-activatable components 
connected to it. 



Method Two. (Deletability greater than 1) 

TTiis form of deletion occurs when the component to be deleted has one or 
more components of equal hierarchical value linked to the component to be deleted 
(or two or more if the component is a root component), and these components, 
along with the destination component of the component to be deleted (if it is not a 
root component), can be connected to one another automaticaUy in accordance with 
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the expert logic of the system after the component is deleted. This type of deletion 
is termed mid-run deletion, since it occurs when two activatable components are 
linked to an activatable component to be deleted, such as in the case where two 
frames are linked on either side of a frame to be deleted. 

5 

In the preferred embodiment of the present invention, this functionality is 
limited to mid-run deletion of frames, spacers and midnin cabnets. For example, a 
frame component which has activatable components connected on either side of it 
can be deleted and the resulting two halves of the assembly be brought together. 

10 This process requires that a portion of the assembly separated by the deletion of the 

midrun component be moved in space to compensate for the component deletion 
and the appropriate change in the status variables for the component which listed 
the deleted component as a destination component and the destination component of 
the deleted component be made. The movement of one half of the assembly in 

15 space requires that the graphics displayed be changed as well as location 

designators- Status variables which may have to be changed are vector variables, 
and destination component numbers. 

When the user elects to delete components by digitizing a window in the 
20 graphic area in which all of the elements in that window will be deleted rather than 

selecting an individual component, the design tool cycles through all of the 
components within that window repeatedly untU no components can be deleted in 
the current cycle. Each cycle of deletion will change the "deletability" of the 
components remaining in the window until none are deletable. 
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c. Changing Components. 



Changing components in a design database is accomplished through the 
user commands. Components may be changed globally by logical type, through a 
digitized window, or individuaUy through component digitization. When a 
component or a set of components of the same logical type is changed, the design 
tool cycles through the same set of menus used to describe the component(s) 
initially, allowing the user to make different selections. Previous selections are 
highlighted. There are two distinct method of change which can be made: 



Method One. 



The first method of component change alters the variable characteristics of 
15 the component but not its logical type, i.e., location (vector variables). This is a 

straight forward process of altering the values of specific variables which were 
saved with the component record. 



Method Two. 

20 

The second method of component change alters both the variable 
characteristics of the component and its logical type. Some components cannot be 
changed by this method at all, while other components may be changed by this 
metiiod only if its destination component and the components connected to it 
25 conform to a set of logical conditions defined in the expert system. 
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Tlirough the user commands, the user may elect at any time to save, save 
with a new name, end, or quit from tlie design. Quitting from the design does not 
retain any changes made to the design database. Ending from the design first calls 
the DRC, then saves the design database in its current form. 

4. Assembly Operations. 

When working in a cluster assembly, the user may elect to insert a tile 
typical or interior typical at some point. At this point, the user makes the selection 
for addition of an interior typical or tile typical and is presented with a list of 
options which include existing tile typicals or interior typicals which would fit with 
the indicated portion of the Active Component. 

At any point in time once an assembly is inserted into another assembly, 
an included assembly may be digitized for modification of the included assembly 
during the design process for including assembly. After an assembly is digitized 
the graphic environment and context of the design tool is changed so the user is 
now operating within the coordinate system for the digitized assembly. Any 
changes made to an assembly, even when installed in another assembly, will affect 
all uses of the changed assembly, even if it is used in other assemblies as an 
included assembly. 

An assembly used in another assembly may always be deleted by a process 
similar to method one for component deletion since there is no capability for it 
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linking two subassembUes together or linking a component to an included assembly 
within the included assembly. Within a design database an included assembly is 
referenced primarily by its location and there is no capability of linking a 
component onto the included assembly. 

Examp le.^ 

Example 1 Databases 



The design tool for systems furniture uses the following Constant 
10 Databases: 



a. Part Database. 

This database contains records which each correspond to different 
15 manufacturer's part number for a systems furniture component. These records 

contain information such as: part number; description; options available (such as 
trim and finish colors); graphic to draw on screen; parametric graphic values; 
graphic to use in commercial CAD systems; price; weight; volume; and active 
menu number (the number of the menu from the menu database which should be 
20 loaded if this part is digitized by the user and made active). 

b. Geometry Database. 

This database is referred to by die part database and contains 
25 representations of all the possible vectors on a graphic which might be used to 
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connect a given component to another component. By the point to point alignment 
of connection vectors on different components, an assembly of components is 
produced. Variable values may modify this point to point alignment axially in 
either the coordinate system of the component being inserted or the coordinate 
5 system of the current design database assembly. Included assemblies are 

incorporated into an assembly similarly, or by recording the position and 
orientation of insertion of the included assembly. 

c. Option Database. 

10 

This database is referred to by the part database and contains information 
such as: option names and descriptions; option upcharge prices. 

d. Menu Database. 

15 

This database, a part of the rule base, contains records indexed by menu 
number, Each menu produces a screen display and has imbedded in it the logic 
governing this display and the basic responses to make upon a selection from this 
display. See Example 3 for a more complete description. 

20 

The design tool application for systems furniture uses the following 
Variable Databases: 
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10 



15 



Project Database. 



b. Cluster Interior We (CITJ Database. 



This database is project specific and is used to obtain infonnation about 
sub-assembUes in the project without having to open each of their design databases 
and develop this crucial information individuaUy. The records in this database are 
saved whenever a sub-assembly is saved and occur in the following forms: 

1. CITbase. These records occur for each cluster, interior or tile 
assembly and record: assembly number, revision, name and description; 
DRC success; and the number of CITpoi and CITgraph records associated 
to an interior. 

2. CITpoi. These records record the physical locations in an interior 
assembly which must match with certain types of physical locations in a 
cluster assembly in order for the interior to be inserted into that cluster. 

^' CITgraph. These records record the graphics to be drawn with 
each interior when it is inserted into a cluster assembly: graphic number; 
parametric graphic values; location and orientation in the interior 
coordinate system. 
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4. CrrtUe. These records store information about a single tile used in 
a given project: graphic number; and options. Because of this, when tiles 
are inserted they will be assigned the correct tile subscript by searching the 
err database for a CITtile record with matching characteristics. 

5. ClTtileA. These records store information about a tile assembly 
which is used to determine whether or not it can be inserted onto a given 
frame component in a cluster assembly: width; height; logical types of 
tiles. 

c. Design Database. 

This type of database is the primary variable database which occurs for 
each assembly (or custom component) and records the complete variable 
characteristics of that assembly. Records occur for each component in the 
assembly and have slightiy different structures according to the type of assembly 
represented (tile, interior, cluster or space plan). Each of these structures contains 
the complete logical description of the variable characteristics of the represented 
component in relation to the current assembly. These characteristics include: 
component number in the current assembly; name of the component (either a sub- 
assembly or a part name in the part database); options selected if the component 
corresponds to a record in the part database; and a set of variables stored according 
to logical variable type (see Example 2) which completely record the component's 
logical condition in relation to the current assembly. In the space plan design 
dat^ase, other records are stored which record the geometry of the building shell, 
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which has been imported via DXF. DXF and IGES are industry standard file 
formats used for transporting or converting CAD files between CAD and other 
applications. 



d. T isam Database. 



This is a temporary database created whenever a tile, interior or cluster 
assembly is being designed. It records a small number of crucial pieces of 
information for each record in the design database. The TJsam database is used 
for rapid indexed searches during design for such information as: component 
number; destination number (the component number of the component the current 
component is attached to); the logical type of component; the deletabiUty variable; 
which vector of the component is attached to which vector of the destination 
component; graphic number; parametric graphic values; location and orientation of 
the component in the assembly space; hot rectangles (areas in the assembly space 
where the component can be digitized and made active); and other information 
accessed fi-equently. Appendix C:l-2 shows details of the structure and 
initialization of the T-isam database. 



/ PHframe Database. 

This is a temporary database created whenever an interior assembly is 
being designed. In the interior assembly most components are assembled according 
to the point to point alignment of their connection vectors only in so far as to 
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determine the relative orientations of their component coordinate systems in relation 
to the interior component system (and therefore in relation to one another). This 
alignment determines the axial rotations of any component in the interior assembly; 
however, the actual locations of most components is subject to some variation and 
is determined by how accurately a user digitizes within the graphic space. In order 
to prevent logical errors in these user digitizations, it is helpful to limit the range of 
these digitizations geometrically. This prevents two components from occupying 
the same physical space or from being assembled out of restricted alignment. 

Under these conditions, component position along from one to three axes 
of the assembly coordinate system is not fixed, yet must be bounded. These 
boundaries form segments along the coordinate axes which correspond to legal, or 
allowed, axial positions of insertion. The intersection of three sets of legal axial 
positions forms the set of legal points of component insertion. To track the set of 
legal points of component insertion into an interior assembly by component logical 
type, the software uses the PHframe database. 

The records in the PHframe database correspond to matrices which track 
the status of various cubic segments in space in the interior assembly coordinate 
system. This status includes information such as whether or not the cubic volume 
referenced by the PHframe record matrix is occupied by some portion of some 
component, and if so by which logical type of component. Each of the records in 
the PHframe database corresponds to a component in the interior design database 
know logically as a phantom fr^me. Every other component in an interior is 
attached serially (in the manner of a branching tree) to some component which is 
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attached directly to a phantom ftame (the root of the tree). The records in the 
interior T_isam database record the component number of this phantom frame for 
each component which is not a phantom frame. This phantom frame is known as 
the destination frame of the component. 

An Interior Typical assembly is bounded by a contiguous assembly of 
phantom frames which are assembled to one another directly or through phantom 
connectors which provide angular variation at the point of assembly. These 
phantom frames may be thought of as rectangular segments of a plane assembled to 
form a fence which "corrals" the Interior Typical assembly. These phantom frames 
and connectors are weU ordered in the sense that logicaUy they all point in the 
same direction (for example, to the left). Because of this, the software can easily 
access the phantom frames in a group, compiUng the information in their associated 
PHFrame database records into a single logical representation of the three 
dimensional space associated with that group of phantom frames. When inserting 
an interior component into an assembly, the group of phantom frames is formed 
which might possibly affect or be affected by this insertion. This assembled 
information constrains both which logical and physical types of components may 
currently be inserted and which locations and orientations are legal for these legal 
insertions. This information is set through the use of ACTION variables and 
automaticaUy when any interior component is made active. Both of these methods 
are shown in the source code examples in Appendix C. 

The design tool for systems fiimiture uses the foUowing Default Database: 
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a. Default Database. 

This database is project specific and records user selectable properties of 
5 the design which should be automatically selected during menu traversal. The 

index is by menu number (i.e., on menu #5100 make selection #7 automatically). 
As many as ten selections can be defaulted for a given menu. If more than one 
selection is defaulted, the menu does not auto-select but displays only the defaulted 
selections. 

0 

Database Interaction: 



The databases reference one another through the following information: 



15 



Part Database: 



20 



25 



Geometry Database 
Option Database 
Menu Database 

err Database 
Design Database 

T isam Database 



Part Number 

Geometry Number (Graphic) 
Option Numbers 
Geometry Number (Graphic) 
Option Numbers 
Menu Number 

Output Part Number and Sub-Assembly Number 

Sub-Assembly Number 

Component Number 

Part Number or Sub-Assembly Number 

Component Number 
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Default Database * Menu Number 

PHframe Database * Component Number 



It is important to note that the temporary databases described above (the 
T isam and PHframe databases) are created and modified whenever the relevant 
design database is being worked on. The contents of these temporary databases is 
determined essentially completely by referring to tiie design database and the 
constant databases. These temporary databases are preferably deleted whenever the 
design process is terminated. 

Example 2 Variables 



15 



Variables in the software are each of exactly one of seventeen logical 
classes which govern the way the variables are used: 



Action Variable. 



If whUe traversing menus one of these variables becomes non-zero, the Inference 
Engine performs a specific action. These action variables include: 
20 1. ACTCLOSE. Set all closure variables to zero. 

2. ACT2iERO. Set all zero-able variables to zero. 

3. ACTOUT. Add a record to the design database. 

4. ACTHIGH. Calculate the maximum vertical segment 
available on a cluster frame to hang interior components 

25 by logical class of interior component and write these 
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values into the set of variables IXVERTOl through 
1XVERT30. Alternatively, calculate whether or not 
interior components can be hung at the defaulted height by 
logical type and write 1 or 0 (yes or no) into the set of 
5 variables IXVERTOl through 1XVERT30. 

5. ACTVERTl. Same as ACTHIGH but only for logical 
type one (IXVERTOl). 

6. ACTFLOOR. Calculate the maximum vertical segment 
available from the floor for a given width and write the 

10 value into the variable IXVERTOL 

7. ACTUNDFS and ACTUNDF7. Turn off global defaults 
referred to by the values of these variables (in the menu 
number ranges 5(XX) + variable value and 7000 + 
variable value). 



15 



Closure Variable. 



These variables are saved with all design database records and record 
whether or not a specific operation has been performed to the component (they 
20 close off the possibility of performing this operation again). 



c. Quadrant Closure Variables. 

These variables are saved with cluster design database records and record 
whether or not a specific operation has been performed to a geometric quadrant of 
25 the component. 
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d. Local Default Variables, 

These variables govern the automatic selection of operations on some 
menus according to their values and are stored in the header record of each design 
database. They can be changed by the user through the User Commands. 

e. OC and IC variables. 

These variables are saved with design database records in cluster 
assemblies. The OC variables are zero-able while the IC are not. 

/ 01 and II variables. 



"^^^ variables are saved with design database records in interior 
assembHes. The 01 variables are zero-able while the II are not. 

g. or and IT variables. 



10 



20 



25 



These variables are saved with design database records in tile assemblies. 
The OT variables are zero-able while the IT are not. 
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5 



25 



h. OA and lA variables. 

These variables are saved with all design database records. The OA 
variables are zero-able while the lA are not. 

/, OX and IX variables. 



These variables are not saved with any records, but are used to make 
expert decisions during menu traversal. The OX variables are zero-able while the 
10 IX are not. 

4_ and 2_ variables. 

These variables are saved with essentially all design database records. 
15 They record the values of specific variables in the records which correspond to 

components attached to connection vectors 1-8, or 1-4 or 1-2 on the current 
component. 

These variables as a whole, then, are sufficient to completely determine 
20 the variable aspects of the relation of any component to its assembly, to produce 

the set of possible logical operations at any point in the design process and to 
prevent operations which are not possible. 



Example 3 Menus and Menu Traversal 
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10 



15 



20 



25 



The records in the menu database record the e^rt system logic which 
governs the design process in terms of menu traversal and, when stored with a 
design database record, define the variable characteristics of a component. These 
are highly compressed variable length records which when loaded are de- 
compressed into menu structures. Appendix B includes listings of representative 
menus. The menu structures each contain multiple, nested copies of several other 
structures: 

a. DMvar (Change Menu Variable). 

This structure records an expert system command to change a given 
variable. The possible change is =. +=, *=, /=, and the possible 
modifying value is either an unsigned short integer or the value of another variable 
(which is an unsigned short integer). 

b. IF_DMvar (If Then Change Menu Variable). 

This structure records an if_then condition which if true will cause an 

embedded DMvar structure to be executed. The condition is in the form 

if_variabIe_condition_value- then_DMvar, where condition can be ==, !=, < = , 

' > = ' > > and value can be either an unsigned short integer or the value of 
another variable. 

c. IFcon (If Condition then Action). 
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These structures contain a series of one or more (up to ten in the preferred 
implementation) ifjvariable_condition_value's which are AND'ed together. If the 
result is true, the return value from the evaluation of this condition is true (a 
positive value), otherwise the return is zero. 

d. MselAct (Menu Selection Action). 

These structures occur with some menu selections and are evaluated and 
acted upon if the given selection is taken (or, in the case of traversal of the menus 
which set defaults in the default database, if the selection is selected OR 
imselected). Each MselAct will contain some of the following information: 



1. 



DMvar(s). Executed immediately upon selection. 
IF_DMvar(s). Executed immediately upon selection, 
IFcon(s). Checked when menu is loaded. If true then 
this selection cannot be taken and will not be displayed. 
IFcon(s). Checked upon selection. A true IFcon 
condition followed by a non-zero ACTOUT variable 
causes a component to be added to the design database 
with the current variable values. 
DMvar(s). Executed after IFpart(s). 
IF_DMvar(s). Executed after IFpart(s). 
IFcon(s). Checked just before loading the next menu. If 
true then change the next menu number to the returned 



2. 



3. 



4. 



5. 



6. 



7. 



value. 
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8. part(s). Component numbers indicated by IFpait(s) return 
value(s). 

9. DMvar(s). Executed upon un-selection. 

10. IF_DMvar(s). Executed upon un-selection. 

5 

The menu structure itself, then, is organized as follows: 

a. Menu Number. 

b. Flags. These are integers which indicate: single or 
multiple defaults allowed for this menu; change the menu 
selection text according to the orientation of the active 
part, or of the destination part; user can digitize new 
active item, quadrant, or distance; user can switch from 
plan to elevation in an interior. 

c. Selections. Each selection also has flags 
(these indicate: next menu number; display help number; 
associated MselAct number). 

d. Help Text. 

e DMvar(s). Executed upon loading the menu. 

IF_DMvar(s). Executed upon loading the menu. 

g. IFcon(s). Executed upon loading the menu. If true then 
automatically take the selection corresponding to the 
returned value. 

h. MselAct(s). Execute upon menu selection (or un- 
25 selection). 
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The menus are broken down into logical categories according to menu 

number as follows: 

1 - 5000 Menus which cannot be defaulted. These menus contain the 

primary expert rules governing the inter-relation of components in a 
design. These menus are traversed during the design process. 

5001 - 7000 Menus which are used to set defaults (where each menu has 

selections corresponding to a set of options available for a record in 
the option database). These menus are traversed during the process 
of setting project defaults. These menu numbers correspond to 
option numbers in the option database. 

7001 - 8000 Menus which are used to set defaults (where each menu corresponds 
to a design constraint other than the automatic selection of part 
options). These menus are traversed during the process of setting 
project defaults, 

8001 - 90(X) Menus which are used to set defaults (where each menu has 

selections corresponding to a set of sub-options available for a 
record in the option database). These menus are traversed during 
the process of setting project defaults. 

15001-190(X) Menus whose selections correspond to menus in the range 5001 - 
9000 but whose selections will be automatically made if a default 
has been set in this lower range. These menus are traversed during 
the design process. 

19001-25000 These menus function in the same manner as the menus in the range 
15001 - 19000. 
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menu 



10 



20 



The flow chart in Figure 5 illustrates the logic and process of 
traversal. Referring to Figure 5, in setting the design environment, check 



1. In setting defaults, whether single or multiple defaults are aUowed; 

2. For correct selection of text according to the orientation of the 
active or destination component; 

3. What kind of digitization is allowed in the menu (only select SK both 
select and un-select?): 

4. What kind of digitization is allowed in the graphic area; 

5. whether a selected component is the Active Component or a new 
choice of Active Component (consider the quadrant of the Active 
Component; horizontal or vertical distance on the active component) ; and 

6. Whether switching between interior plan and elevation views is 
15 allowed. 



Appendix B includes several examples of menu structures. Compare the 
menu description below (from Appendix page B:5-7) with the corresponding screen 
shot illustrated in Figures 3 and 4 which illustrate the same menu for the same 
Active Component but with different displayed options, corresponding to the 
assembly configuration, illustrated in the screen display. The corresponding menu 
(# 18) is encoded as follows: 
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Menu «1S 



Uflag l: 
Uflag 2: 

OXCOMPAR »=» ( 

IF (SIESIGHT 
IF (82H2:iGHT 



1 KSEW: sub type B 
1 UNDEFINED 



8_HEIGHT) 
8_HEIGHT) 



THEN OXCOKPAR -M- 1 
THEN OXCOMPAR -h-h 2 



Q Select Next Item To Be Attached To This Frame 



1 
2 
3 
4 
5 
6 
7 



'i'HKN 
THEN 



Carpet Grippers 
Elecrrical items 
Structural Item On West 
strucrtiral Item On East 
Telephone/Data Symbol 
Tile Face Assembly on North 
Tile Face Assembly On South 

8 Transaction Surface 

9 Typical Interior On North 

10 Typical Interior On South 

11 User Commands 



Act «l 

lACONDES 25 
lACONCUR -= 1 
ACTCLOSE ~ 1 
CLOSED » 1 
IF (OAWIDTH -== 30) 
IF (OAWIDTH 36) 
IF (OAWIDTH ■« 42) 
IF (OAWIDTH «» 48) 
IF (CIOSEO— 1) 
THEN CA2W0T SELECT 
IF ( 1XSPACE»0 ) 
THEN CANNOT SELECT 
IF (lAWILDCD— 0) 
THEN Part tl G1190. 
Part 1: G1190. 
ACTOUT 1 

Act i2 

OXHEMORY — QCLOSEBA 
ACTCLOSE «= 1 
QCLOSEBA ~ OXMEMORY 
IF ( 8 6HEIGHT»0 ) 
THEN CANNOT SELECT 
IF (87HEIGHT»0) 
THEN CANNOT SELECT 
IF (QCL0SEBA-=il5) 
THEN CANNOT SELECT 
IF (lCPOWER««l) 
THEN Goto Menu #202 

Act ^13 

ACT2ER0 — 1 
ACTCLOSE » 1 
lACONDES — 1 
IF r81HEIGHT»0) 
THEN CANNOT SELECT 

Act #4 

ACT2ER0 mm 1 
ACTCLOSE " 1 



Ul= 
Ul= 

Ul= 



1 AcZt 

2 ACZt 

3 Act* 

4 Act#- 

5 Act# 



10= 18 ->Menu 
10= 23 ->Menu 
10= 22 ->Menu 
10= 22 ->Menu 
10= 56 ->Menu 
Ul= 6 Act# 
Ul= 7 Act* 
I0« 58 ->Menu 
Ul= 9 Act* 
Ul= 10 Act* 

10= 20 ->Menu ui= 11 Act* 



Ul= 8 Act* 



OALTGCO 
OALTGEO 
OALTGEO 
OALTGEO 



1 
2 
3 
4 
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lACONDES «= 2 
IF (82HEIGHT»0) 
THEN CANNOT SELECT 

Act #5 

ACTCLOSE « 1 
Act *6 

ACTCLOSE =- 1 

lACONDES ««= 8 
CLOSES 1 

lACONCUR = 6 
IF (CL0SE3~1) 

THEN CANNOT SELECT 

Act #7 

ACTCLOSE ~ 1 
lACONDES « 5 
CL0SE4 — 1 
lACONCUR «« 6 
IF (CL0SE4— 1) 
THEN CANNOT SELECT 

Act #8 

ACTCLOSE " 1 
lACONCUR — 1 
lACONDES 3 
CLOSES — 1 
OXEVENTl «« 0 
0XEVENT2 « 0 
0XEVENT3 — 0 
IF (OAWIDTH «= 24) 
IF (2irWIDTH «« 36) 
IF (22rWIDTH «» 36) 
IF (OAWIDTH — 30) 
IF (21FWIDTH 30) 
IF (22rWIDTH «- 30) 
IF (OAWIDTH 36) 
IF (2irWIDTH «= 24) 
IF (22FWIDTH 24) 
IF (CLOSE5—1) 
THEN CANNOT SELECT 
IF (DEFTPCAP— 1) 
THEN Goto Menu #209 
IF (OXEVENTl ~ 3) 
IF (OXEVENTl " 5) 
IF (OXEVENTl « 7) 
IF (0XEVENT2 3) 
IF (0XEVENT2 5) 
IF (0XEVENT2 7) 
IF (0XEVENT3 ~ 3) 
IF (0XEVENT3 — 5) 
IF (0XEVENT3 «- 7) 
IF (OXCOMPAR " 0) 

Act #9 

ACTCLOSE «« 1 
IF (CLOSE?— 1) 
THEN CANNOT SELECT 

Act #10 
ACTCLOSE == 1 
IF (CL0SE8—1) 
THEN CANNOT SELECT 

Act #11 

IF (1XSPACE»0) 
THEN Goto Menu #93 



THEN OXEVENTl -M- 1 

THE N OXEVENTl -M- 2 

THEN OXEVENTl -M- 4 

THE N 0XEVENT2 -M- 1 

THE N 0XEVENT2 -M- 2 

THE N 0XEVENT2 -M- 4 

THEN 0XEVENT3 -M- 1 

THE N 0XEVENT3 -M- 2 

THEN 0XEVENT3 4 



THEN 0X60TRAN — 1 

THEN 0X60TRAN «=» 2 

THEN 0X60TRAN »» 3 

THEN 0X60TRAN «« 1 

THEN 0X60TRAN — 2 

THEN 0X60TRAN 3 

THEN 0X60TRAN «« 1 

THEN OX60TRAN » 2 

THEN OX60TRAN 3 

THEN OX60TRAN «=« -0 
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Example 4 User Digitization of a New Active Component 

In the course of menu traversal the user may digitize (select) a new active 
component from the graphic screen by pressing a mouse button while the mouse is 
within a hot rectangle (areas in the assembly space where the component can be 
digitized and made active). For tile, interior and cluster assemblies the location of 
each hot rectangle is stored in the temporary T_isam database. 

Upon digitization, the software retrieves the design database record 
corresponding to the temporary record which contains the digitized hot rectangle. 
The part database record corresponding to the design database record is retrieved 
and used to determine the next menu to be displayed. Zero-able variables are 
zeroed, and the variable values stored with the design database record are restored. 
If the assembly being designed is an interior, the PHframe database is referenced to 
set some variable values which will constrain the design process. The next menu is 
loaded and displayed. 

Example 5 Adding a Component to the Design Database 

The addition of a component to the design database requires two 
conditions. The first of these is a TRUE return value from the evaluation of an 
BFcon structure in an MselAct structure which indicates that a new component has 
been determined geometrically, that is, the variables which define its geometric 
connection to the active item have been set. The second condition is a non-zero 
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ACTOUT variable value. This condition indicates that a new component also has 
been determined logically, which is to say that all other variables which define the 
component's variable characteristics have been set. 

Referring to Figure 8, the logic flow can be understood. As illustrated in 
the flow of Figure 8A the temporary database structure and the current design 
database structure are initialized. In selecting a component for addition to a current 
assembly certain information must be stored in the temporary T_isam. As the user 
makes selections within the menus information is accessed from the knowledge 
base, i.e., part database record, and geometry database record, in order to fully 
determine the component. The axial locations and rotations for insertion are also 
determined using the information from the knowledge base. Once the component is 
fully determined the temporary information which has been compiled is saved from 
the T_isam structure to the T_isam database. 

The design tool then refers to the T isam record in order to draw a 
graphic so that the geometry of the added component is fiilly determined and 
displayed. Once the geometry is fully determined selected or pertinent variable 
values are written into the design database structure which is then saved to the 
design database. If the component which is being added to is a phantom frame, 
e.g., interior components in an Interior Typical, the PHframe record is modified. 
The design database record for the destination component is then modified in order 
to reflect the addition. That is, information is exchanged between linked 
components. The vector values for the destination component are updated to reflect 
the connection of a new component. This record is then saved back to the design 
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database. The new design database record for the added component is also 
modified to reflect the connections, i.e., changes to the vector variables. And this 
record is also saved. 

If an activatable component is the added component the graphic will be 
updated so that the added component is the Active Component. Otherwise, the 
original component which was added to will remain the Active Component. This 
process of addition is generally true for any type of addition of components. 
However, in the case of a midrun insertion where one component is added between 
linked components a special routine must be run which updates the database records 
for all three affected components as well as shifting the assembly over in space to 
reflect the addition of the midrun component. 

Example 6 Design Rule Check 

The design rule check (DRC) involves a check of the assembly design for 
compliance with local design rules and global design rules. The local design rule 
check inspects the individual records for each component in the assembly to make 
sure that each component is configured properly and that the components comply 
with the local rules defining correct design. Most parameters of individual 
components are constrained by the design tool to be configured properly during 
selection and coimection so the local design rule check should find few, if any mle 
violations. 
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An example of local rule compliance made by the DRC is completeness of 
an assembly. In order to verify the completeness of an assembly, the DRC checks 
that all connections in the assembly which must have been used to connect or be 
connected to another component have been used. 

5 

The global rules analyze the assembly in its entirety since these rules look 
for proper interaction of the components as an assembly and not just the 
characteristics of individual components. The design rule check (DRC) looks at an 
assembly globaUy to check a number of properties and conditions which must exist 
10 for an operational, i.e., correct, design. TTie DRC cycles tiirough the T_isam 

database and develops information about the design on a global level. Global 
design rules checked include physically unstable assemblies (designs which will 
coUapse under gravity, for example) and logically unstable assembUes (a electrical 
circuit design which draws too much power or is discontinuous, for example). 
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Accordingly, global design rules check properties (DRC) power 
characteristics such as the loading of a power circuit within an assembly, the 
continuity of power lines within a powered circuit, the structural correctness of a 
design, and the support for transaction surfaces, described below. Power 
characteristics require die testing of all power circuits for continuity and loading at 
floor level and belt Une of an assembly. Also, checked is the relative heights of 
connectors and frames to ensure they correspond correctly. 

Although most components can be Unked bodi logically and physically 
with a single other component, this is not always the case, i.e., a component may 
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have to be physically linked to more than one component. For example, a 
transaction surface may extend across and be secured to more than one frame or 
other component. A transaction surface is a surface such as a desktop which is 
attached to and extends out from a frame or ft^unes. If the transaction surface is 
longer than the width of one frame it must be supported and attached to each of the 
underlying frames. When adding a transaction surface to an assembly, the design 
tool allows for one destination component for the transaction surface, or, in other 
words, the transaction siuiace is logically entered as linked to one other component 
even if there is an incomplete match in physical reality and the transaction surface 
actually needs to be connected physically to an additional component. There is no 
check during the design process of the structural correctness of the assembly for a 
transaction surface which is longer than one frame since information regarding 
linkages between components is only exchanged between source and destination 
components during addition of components. 

After performing the design rule check, the design tool can make selected 
changes and additions to the design database, a process which can be fiilly 
automated or performed manually, with or without computer assistance. Such 
automatic changes include adding end or top caps, height change packages or 
wiring harnesses where the design defaults for the assembly allow only a single 
choice for a missing component. The transaction surface check process will detect 
all frames which do not support the transaction surface and if possible will change 
appropriate end caps to end caps with transaction surface support. 



•64- 



wo 93/01557 PCT/US92/05650 

There are three results of the DRC, i.e., a clean pass, a warning, or a 
failure. If the assembly checked satisfies all design rules both local and global then 
the DRC passes on the design and the design has a clean pass. If there is a design 
flaw which aUows the assembly to be constnictable a warning may be given. A 
warning is treated by the system as a clean pass but notifies the user that there is a 
design fault. The third result of the design rule check (DRC) is a failure. If an 
assembly fails the DRC returns an appropriate message as to the failure and 
probable cause of the failure and will not permit some forms of automated outputs 
from the checked assembly. If missing components cannot be determined 
automatically, the design tool wiU register a DRC failure, which will cause the 
documentation control portion of the design tool to tag the design as incomplete and 
prevent production of some forms of automated output. Referring to Figure 2, the 
bill of materials ends with a "WARNING: CLUSTER(S) in set failed DRC". 
Referring to Figure 7, a graphic result of the DRC check higWights incomplete 
frame 11, which is lacking tile surfaces (see Figure ID) and has one end 
unterminated. 

Exaniple 7 Data Structure. Midnm Inserrinn ^pd Delerinn 

Each individual record in the design database corresponding to a respective 
component within an assembly includes sufficient information to identify the 
relationship of the corresponding component to other components in the assembly. 
In a present preferred embodiment of the invention the interconnection of 
components is defined by the linkages between the components. 
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Each record of the design database contains information completely and 
independently defining the state of the coiresponding component. This information 
controls the rule based design and consequent graphical and menu display for an 
activatable component. For a non-activatable component the state information 
relates to the rule based design of the activatable component to which it is 
connected. The variables which contribute to the definition of the logical state of 
the component are closure variables, quadrant closure variables, and identity 
information for that component. 

The physical state of a component relates to the geometric relationships of 
that component to all other components connected to it. The variables which help 
define this state include the 8_, 4_, and 2_vector variables and destination 
component number. The vector variables for a particular record indicate the vector 
linkages of the corresponding component and of those components linked to the 
corresponding component. 

Each record in the design database for a component includes three types of 
information: information relating to the linked list of geometric connectivity, 
information shared by adjacent components, and other state information. The 
examples above disclose additional information regarding variables and design 
database structure. The information relating to the linked list of geometric 
connectivity is that information which identifies the component number of the 
corresponding component and the component number of the destination component. 
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The information shared by adjacent components includes the vector 
variable information and closure variables. The linkage of one component to 
another results in the newly added component being designated the source 
component and the component which it is linked to designated as the destination 
component, as referred to above. The record corresponding to a component 
contains the value of the vectors at which it is Unked on the corresponding 
component or components and the vector values on itself to which other 
components are linked. 

The linkage of one component to another causes closure variables on both 
the source and destination component to change. A component has a set of closure 
variables for possible Unkage of certain types of component. For example, when 
an outlet is added to a frame, a closure variable indicating the closure of:tfiat 
position on the frame for oudets is changed to reflect tiiat condition. A similar 
variable on the outlet component is modified to reflect closure of the position on 
the outlet. 

Quadrant closure variables are variables indicating the overall closure 
status of a frame based on the addition of components. The quadrant closure 
variable is incremented every time a quadrant of a frame, for example, is "closed" 
in the sense that no further components may be added. The value of the quadrant 
closure variable is redundant to other closure variables which are individuaUy 
specific to particular types of components to be added to a component. 
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Additional information stored in each record for a component in the design 
database is information pertaining to the logical state or status for the corresponding 
component. This information includes identity information such as, the size and 
part number of the component. Information relating to the possible deletion of a 
component is stored as the deletability variable. 

Addition of a component involves exchange of information between the 
source and destination component and modification of the deletability variable to 
reflect the new logical state of each component. The design database for each 
component can be accessed and operated on in a random access fashion. That is, 
components may be added to, deleted from or modified in the database without 
regard to the order which these operations are performed to the assembly. The 
deletability of a component controls the response of the system to a command to 
delete that component- The process of deletion is referred to above in the section 
on the design process under the subsection "b. Deleting Components". 

Every time an active component is linked to another active component the 
deletability of the two components linked is incremented by one. An active 
component with no links has a deletability of zero. Therefore, only those active 
components which are linked to two other active components will have a 
deletability greater than one. 

The components having a deletability of greater than one are linked to two 
or more components of equal hierarchical value, i.e., two active components, and 
are deleted according to method two. In a preferred embodiment of the invention, 
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method two allows for deletion of those components of deletability of two or 
greater by employing a separate routine which can modify the assembly so the 
components connected to the deleted component are linked after deletion. 
Presendy, the design tool used for this form of deletion employs a midrun deletion 
routine. 

The midrun deletion routine allows frames, spacers and midrun cabnets 
Unked to two other activatable components on either side to be deleted and the 
resultant gap be eliminated by connecting the resultant assembly portions. This 
involves a three step process. First, the midrun routine refers to the record of 
component linkages and selects the two which must be linked to compensate for the 
deleted component. Appropriate information, as described above, is then 
exchanged between the corresponding records for the two components. The 
graphical information for the components attached to one of the frames to be 
Unked, as wcU as the graphic information for that frame, is modified so that the 
position of the associated portion of the assembly is shifted an amount sufficient to 
compensate for the deleted frame. 

In aU other cases of deletion of a target activatable component having a 
deletabiUty variable value of greater than one the activatable components linked to 
the target component must be deleted before the target component is deleted. Once 
the Unked component or components are deleted the target component will have a 
deletabiUty variable value of one and can be deleted by method one. 
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A midnin insertion routine is used by the expert system to take advantage 
of the modular, random access capacity of the records for the components in an 
assembly. That is, using a process similar to the one described above for the 
midrun deletion routine certain components (e.g., frame connectors, frames, and 
midrun cabnets) can be added between two existing frame components. The 
insertion is made to the records in the design data base with the appropriate 
exchange of information and the graphic position of portions of the assembly are 
modified to reflect the addition. 

Example 8 Cluster Assembly Formation 

Figures 3, 4 and 9-29 show a sequence of displays, i.e., a series of screen 
dumps, which show the progress of a simple design session. The session will be 
summarized in the following paragraph and then discussed in detail below. The 
session begins by reviewing default values, then a series of menus presents 
available actions and choices. Starting with a 48" frame, a second 48" frame is 
added, then a 30" work cabinet. The center frame is built up with one of several 
preselected tile face assemblies. Tile Typicals, on the south and a predesigned 
Interior Typical on the north. Figiures 1 and 2 illustrate some of the automated 
output generated from this simple design (two and three dimensional CAD drawings 
and a bill of materials). Appendix B includes several representative menus, 
including those displaying screens in Figures 3, 4, and 9-29. Compare Figure 29 
with or Figures 13 , 3 , 23 , 25, 4, and 28 witfi B-5-7. 
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Figures 9 and 10 show two default selection menus. In Figure 9 the user 
is given the option of selecting whether or not the firames are powered or 
nonpowered. In accordance with this type of default selection if the user selects 
the powered or nonpowered option the inference engine will make the selection at 
the appropriate time without any user input. Otherwise during selection of each 
frame a menu will appear asking whether or not the frame should be powered or 
nonpowered. In Figure 9 the user has selected powered. Likewise, in Figure 10 
the user has selected that all frames in the cluster assembly have a height of 70". 

After selecting default values the user is given a choice of structural 
elements to add. As shown in Figure 11 the user is given the choice of adding a 
frame or a wall strip. In Figure 11 the user selects a frame. 

Once the class of component is selected, e.g., a frame, the user is 
presented with menus of selectable constant characteristics for this classification of 
element so that a final component is determined. In Figure 12 the user selects that 
the width of the frame should be 48". The menu for the height of the frame was 
auto selected so the height of the frame is 70" without any user input. 

As shown in Figure 13 after the component is fiiUy determined a graphical 
representation of the component is displayed in the graphic window. If the 
component added is an activatable component, after it is added that added 
component will be the currently Active Component. The menu displayed will be 
the active menu for that Active Component. Figure 13 iUustrates the user making 
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the selection of adding a structural item on the west side of the Active Component- 



After selecting the option of adding a component onto the west side a 
menu displaying the possible components to be added onto the west side is 
displayed as illustrated in Figure 14. The user makes the selection of adding a 
frame. After the user selects the type of component menus are again displayed 
which allow the user to select the characteristics of the component to be added. As 
shown in Figure 15, the user selects that the width of the frame to be added on the 
west side of the first frame is 48", 

Now that this second frame is fully defined it appears in the graphical 
window as the Active Component. Further, the menu displays a series of possible 
options in connection with this currentiy Active Component. These selections are 
either User Commands or additions to be made to the Active Component as shown 
in Figure 3. 

Since the user selects to add a structural component from the menu 
illustrated in Figure 16 the next menu displays the options for this classification of 
component. From these structural item options the user selects a support cabinet. 

Once the user selects a support cabinet the design tool presents menus 
from which the user makes selections which fiiUy define the support cabinet until 
the support cabinet is displayed in the graphic environment and made the Active 
Component as illustrated in Figures 17-22. In Figure 22 the user digitizes a frame 
which becomes the Active Component as illustrated in Figure 23. In Figure 23 the 

-12- 



wo 93/01557 PGr/US92/OS650 

option menu for this Active Component is illustrated. The user selects to add a 
Tile Face assembly on the south side of the active frame. A user response to this 
selection is iUustrated in Figure 24. The liser is given the option of selecting from 
existing TUe Typicals or to make a new Tile Typical or Tile Assembly. The user 
selects AOAOAOAO as the Tile Typical to be added. 

After addition of the TUe Typical the user is returned to the active menu 
for that frame. As illustrated in Figure 25 the option of adding a Tile Face 
Assembly on the south has been eUminated by the inference engine. Accordingly, 
the user selects to add a Interior Typical on the north. 

Again, the user may select an existing Typical as shown in Figure 26. 
The user selects an Interior Typical and it is added to the assembly as shown in the 
graphical window in Figure 4. The menu for the frame as an Active Component is 
illustrated in Figure 4 from which the user elects to add a Tile Face Assembly, 
i.e.. Tile Typical on the north. Figures 27 and 28 iUustrate the addition of a Tile 
Typical. In Figure 28 the user selects user commands and initiates DRC upon exit 
from the assembly design. 

The DRC is initiated automatically by the user selecting end from the 
action menu for user commands as shown in Rgure 29. As discussed above the 
Figure 7 illustrates a DRC failure with a highUghted item showing a completeness 
failure. 
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As will be understood by those skilled in the art, many changes in many 
aspects of the process described above may be made by the skilled practitioner 
without departing from the spirit and scope of the invention, which should be 
limited only as set forth in the claims which follow. 
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Act #8 

ACTCLOSE = 1 
lACONCUR = 1 
lACONDES = 3 
CLOSES = 1 
OXEVENTl == 0 
0XEVENT2 = 0 
0XEVENT3 0 
IF (OAWXDTH = 24) 
IF (21FWIDTH »= 36) 
IF (22rWTDTH = 36) 
IF (OAWIDTH = 30) 
IF (21FWIDTH =3 0) 
IF (22FWIDTH =30) 
IF (OAWIDTH = 36) 
IF (21FWIDTH 24) 
IF (22FWIDTH = 24) 
IF (CL0SE5««1) 
THEN CANNOT SELECT 
XF ( DEFTPCAP=«1 ) 
THEN Goto Menu #209 
IF (OXEVENTl ==- 3) 
IF (OXEVENTl = 5) 
IF (OXEVENTl = 7) 
IF (0XEVENT2 = 3) 
IF (0XEVENT2 = 5) 
IF (0XEVENT2 = 7) 
IF (0XEVENT3 = 3) 
IF (0XEVENT3 5) 
IF (0XEVENT3 = 7) 
IF (OXCOMPAR = 0) 

Act #9 

ACTCLOSE = 1 
IF (CLOSE7=l) 
THEN CANNOT SELECT 

Act #10 
ACTCLOSE = 1 
IF (CL0SE8~1) 
THEN CANNOT SELECT 

Act #11 



THE N 
THEN 
THEN 
THEN 
THEN 
THEN 
THE N 
THE N 
THEN 



OXEVENTl 
O XEVE NTl 
OXEVENTl 
0XEVENT2 
0XEVENT2 
0XZVEKT2 
0XEVENT3 
0XEVENT3 
0XEVENT3 



THEN 
THEN 
THE N 
TEEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 



0X6OTRAN 
0X6OTRAN 
0X60TRAN 
0X60TRAN 
0X6OTRAN 
0X60TRAN 
0X60TRAN 
OX60TRAN 
0X6OTRAN 
OX60TRAN 



1 
2 
4 
1 
2 
4 
1 
2 
4 



1 
2 
3 
1 
2 
3 
1 
2 
3 
0 
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IF (1XSPACE»0) 
THEN Goto Menu #93 
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?flag 2; 



"JNDEFINZD 



Select Mexr Coaponenr To Be Attacned To Tiiis Phancoa Fr: 



ame 



2 
3 
4 
5 
6 
7 



Chair Nexr To Frame 
Coar Bar And Shelf 
Lateral File, Freestanding 
Lateral File, Suspended 
Pedestal , Freestandina 
Shelf 

Storage Cabinet 

8 Table, Freestanding 

9 WorX Surface 
10 User Conunands 

Act w 1 

IF COXOOOOOO— 0) 
THEN CANNOT SELECT 



Act It 2 

OXGOTO 75 

IF ClIWTDTH—3 6) 

THEN CANNOT SELECT 

IF (IIWXDTH— 42) 

THEN CANNOT SZUECT 

IF (0XCOAT03=O&&0XCOAT06= 

THEN CANNOT SELECT 



Ul 
10 
10 

10^ 
10' 
10 
10 
Ul 
10: 
10^ 



= i Actif 
- 7 6 ->Menu Ul= 
= 77 ->Menu ui= 
• 8 0 ->Menu ui- 
= 17009 ->«enu Ul:* 
= 85 ->Menu Ul= 



=17018 ->Menu Ul« 

8 Aczt 
'1703 0 ->Menu Ul= 
' 7 0 ->Menu 



2 Act:? 

3 Act:? 

4 Acts 
5 Act:? 

6 Acts 
= 7 Acts 

9 Act:? 



«0&&OXCOAT07=«0) 



Act #3 

ACTCLOSE =x 1 
Act *4 

I XDIT EM = 16 
ACTHIGH 1 
IXHITEM = 14 
OXINTTOR 1 
IF (1IWIDTH=»3 6) 
THEN CANNOT SELECT 
IF ( 1IWIDTH=4 2) 
THEN CANNOT SELECT 
IF (OXSLATOK— 0) 
THEN CANNOT SELECT 

Act t5 

IF ( 1 XFREE 2 4 « 1 5 & & 1 XFKE E 2 7 « 1 5 ) 
THEN CANNOT SZI^CI 

Act tS 

IXDITEM =14 
ACTHIGH 1 
IXHITEM «« 8 
IF fOXSHLFOK— 0) 
TEEN CANNOT SELECT 

Act #7 

OXINTIOR 2 
IXDITEM =14 
OISTRCAB = 1 
IF (IXSTORAG 1) 
IF (IXSTORAG = 1) 
IF (IXSTORAG = 0) 



THEN ACTHIGH ^ 1 
THEN IXHITEM = 16 
THEN IXHITEM =16 
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IF (IXSTORAG == 0) 
IP (0XSTOROK=0) 
THEN CANNOT SELECT 

Act #8 

IF f OX00O00O==o^ 
THEN CANNOT SELECT 

Act #9 

OXMEMORY == 4 
IXDITEM =—60 
ACTFLOOR 1 

OXPENSOK == IXVERTDi 
ACTCLOSE = ^^VERTOl 

I^ fOXWORKOK==0) 
THEN CANNOT SELECT 



THEN ACTHIGH == 



8_HEIGHT 
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-fiag 2: 1 
0XSAVE2C = 0 



Q Dici-iise Worjcing Item or Make Menu Selection 



2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



Starr New Block Fsarzr.nz 
Starr New clusrer 
Work On Block Plan 
Work On Clusrer Plan 

Chanae Defaults 

Delete 

Move 

Rotate ^ 

Change Cluster Name/ Desc. 

Export To AutoCad 

Insert Cluster From Project 

Make Clusrer Set 

Inporr Suildinc Shell 



9 3 



Save 

Save Under New Name, 
End 

Quit, Do Not Save 



Lid 



10=136 
10=144 
10= 9 
10= 
10= 
10= 
10=145 
10= 93 
10=216 
10= 93 
10= 93 
10=146 
10= 93 
10= 9 3 
10= 93 
10= 93 
10=148 
10=148 
10=148 
10=148 



->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->Henu 
->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->Menu 
->rtenu 
->Menu 
->Menu 
->Menu 



Help ifl 

If this oprion is seiecred in error, press rhe 
ESC key to return to this menu. 

Act *l 

OXACTXON =- 3 
IF ( IXHZWNAM— 1 ) 
THEN CANNOT SELECT 
IF (0X0O0OOO«=O) 
THEN CANNOT SEUETCT 



Act #2 
OXACTXON 



13 



Act 

OXACTrON =23 
Act *4 
Act 1^5 

IF (IXSPACE— 1) 
THEN CANNOT SELECT 
IF flXSPACE=3) 
THEN CANNOT SELECT 

Act #6 

IF (1XSPACE=2) 
THEN CANNOT SELECT 
IF (lXSPACE=-4) 
THEN CANNOT SELECT 

Act «7 

IXSPACE =- 4 
IF (1XSPACE=»2) 
THEN CANNOT Z'Zl^CI 
IF (1XSPACE~4) 



'1 = 
' 2, = 

Vl= 
0= 



Ul= 
Ul= 

Ul= 
Ul= 

Ul= 
"1= 

Ul= 

Ul= 



5 Acr^? 
5 Act 5 
" ActC 

0 Act;? 
4 ACtC 

10 ActC 

1 Help;? 



4 Act:? 
6 Actt 

6 Act* 
6 Actw 

4 Act* 
9 Act:? 
1 Act:? 
I Act:? 
3 Act:? 
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Act sa 
IXSPACZ == 3 
IF riXSPACE=i » 
THEN CAJINOT SSLTCT- 
IF riXSPACE==-«) * 
THEN CANNOT SELECT 

Act Z9 

OXSAVEKE == 3 
IXNEWNAM == 0 

IF roxoooooo«=o^ 

THEN CAimOT SELECT 
Act 510 

IF (:1XSCLACT1 = 1) 
THEN CANNOT SELECT 
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I" { C CPEKCAB> > 0 ) 

THEN SZLZCT $4 Penxnsula 

Q Work Surface Options 

1 Comer 

2 Comer VDT 

3 Mirered 

4 Peninsula 

5 Recranoular 



OAWORKSF — 1 

lACOlJCro = 1 

lACONDES 3 

IF flXVERT13 >> 0) 

IF (LXVZRT13 » 0) 

IF (1XVZRT15 >> 0) 

IF (1XVERT15 >> 0) 

IF (IXVTRTl? >> 0) 

IF (1XVZRT17 » 0) 

IF (1XVERT19 >> 0) 

IF CIXVTRTIS » 0) 

IF f HWIDTH«-30&&OADEPTH= 

THEK CAUNOT SELECT 

IF f 1XVERT12=«0&&1XVERT13 

THEN CANNOT SEIXCT 

IF ( DEFTOPTP— 2 ) 

THEN Goto Menu 5 95 



10=17013 ->Menu ul= 
10=17013 ->Menu Ul* 
I0»17013 ->Menu Ul= 
10=149 ->Menu Ul= A 
10=17013 ->Menu Ul= 



1 Act? 

2 Act; 

3 Act? 
Act? 

5 Act^ 



THEN 
THEN 
THEN 
THEN 
THE N 
THE N 
THE N 
THEN 
OO) 



lACONCtm 
lACONDES 
lACONCDK 
lACONDES 
lACONCUR 
lACONDES 
lACONCUR 
lACONDES 



3 
4 
3 
4 
3 
4 
3 
4 



==0 & & IXVERTl 4 =0 & i IXVERTIS =0 & & IXVERTl 5=«0 & & 



THEN lACONCUR 

THEN lACONDES = 

THEN lACONCUR « 

THEN lACONDES « 
•2) 



= 3 
4 
3 
4 



-0&&lXVEnT19— O ) 

•O & &1XVERT1 9 — 0 & & 1XVERT2 0=»O & & 1XVERT2 1«M ! 



Act t2 

OAWORKSF 2 
lACONCUR =- 1 
lACONDES =- 3 
IF (1XVZRT19 >> 0) 
IF (IXVERTig » 0) 
IF {1XVERT21 >> 0) 
IF {1XVERT21 » 0) 
IE f 0ADEPTH=24&&DEFTOPTPs 
THEN CANNOT SZLLCT 
IF f 0 ADEPTH=* 2 4 & & IXVERTl S = 
THEN CANNOT SELECT 
IF ( OADEPTH— 3 0 && IXVERTl S » 
THEN CANNOT SELZCZ 
IF {lIWIDTH—36) 
THEN CANNOT SELECT 
IF ( IIWIDTH— 48 ) 
THEN CANNOT SELECT 
IF CDEFTOPTP— 2 ) 
THEN Goto Menu t96 

Act #3 

OAWORKSF ^ 3 

IF ( 1XVERT2 2 =«0 & & 1XVERT2 3 = 
THEN CANNOT SELECT 

IF f 1XVERT24»0&&1XVERT25»0&&1XVERT24 
THEN CANNOT SELECT 

IF ( 1XVERT2 8 » 0 & & 1XVERT2 9 » 0 & & 1 XVERT 2 8 =« 1 XVERr2 9 ^ 
THEN CANNOT SEI^CT ^^^^ ) 

IF C DEFTOPTP— 2 ) 

THEN Goto Menu 597 
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THEN iACc::cra « 

THEN lACOKDES 
THEN lACOKCUR ^ 
THEN lACONDES 



lACONDES == 3 

rr rocPENCAB « i ) 

(OCPENCAB « i) 
(OCPENCAB 2) 
IF (OCPENCAB 2) 
IF (0XPENSOK<<26) 
.THEN CANNOT SZI^CZ 
IT tlIWIDTH«=24» 
THEN CANNOT SZlXCT 
IF f DEFTOPTP=«i ) 
THEN Goto Menu nlD7 

Acr ;f5 

OAWORKSF 5 

J^w^J^^S^n^i ^ * ^ ^XVERTO 7 = 

THEN CANNOT SELECT 

IF fDEFT0PTP=«»2) 

THEN Goto Menu #98 



= 4 
4 

= 5 

I 



=0&&1XVERT08*«0&&1X7ERT09= 



=0& 
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T_isam ISAM srruczure miriaiizarions 



ZSEC T_isaffl_seg[ ] = 



2, 


2 . 


8 


) 


4 , 


2 • 


8 


) 


2. 


2 • 


8 


) 


6 , 


2 # 


8 


) 


2, 


2, 


8 


) 


8. 




1 


) 


2. 


2 , 


8 


> 


9, 


2^ ^ 


1 


) 


2. 


2 # 


8 


) 


10, 


2 r 


8 


) 


2. 


2, 


8 


} 


12, 


«^ # 


8 


) 


2, 


2. 


S 


) 



SZGKEKT 



2, 

32, 

1 



4, 
0, 

2, 

&T_isa3a_seg[ 1 ] 



4, 

0, 

Or 

0, 
32, 
2, 

&T_isain_seg f 3 ] 

# 

3, 
0, 
0, 
0, 
32, 
2, 

&T_isain_segt5] 

r 

3, 
0, 
0, 
0. 
32, 
2, 

&T_isaB_seg [ 7 ] 



/ 



/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 



INDEX 1 



•/ 
• / 



lencrcn index l 
KEY type index i 
DUPLICATE flag off 
N ULL Xey flag off 
EMPTY character 
NPH BER cf key secaenrs 
POINTER to seooenr arrav 
NULL r-rree xndex name ' 

KEY length index i 
KEY type index i 
DUPLICATE flag off 
KULL key flag off 
EMPTY character 
NUM BER of key seoments 
POINTER to seaaent array 
NULL r-tree index naae 

KEY length index l 
KEY type index i 
DUPLICATE flaa off 
N ULL key flaa off 
EMPTY cnaracrer 
NUM BER of kev seooencs 
POINTER to seomenr array 
NULL r-tree index naae 

KEY length index 1 
KEY type index 1 
DUPLICATE flag off 
NULL key flag off 
EMPTY character 
NUM BER of key seoaents 
POINTER to segaent array 
NULL r-tree index naae 

KEY lencth index i 
KEY type index i 
DUPLICATE flao off 
N ULL key flag'off 
EMPTY character 
NUM BER of key seoaents 
POINTER to seaaent array 
NULL r-tree index naae 



*/ 
*/ 
*/ 
*/ 
•/ 
•/ 

•/ 
* / 

*/ 
*/ 
*/ 
*/ 
♦/ 
*/ 
•/ 
*/ 

*/ 
*/ 

*/ 
*/ 
•/ 

*/ 
*V 

V 

*/ 
*/ 
♦/ 

♦ / 

/ 

*/ 
*/ 

• / 
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iriL T_isaiii_dat = 



4, 
0, 
0, 
0, 

2, 

&T_isain_seg[9] 

0, 
0, 
0, 
32, 
2, 

&T_isam_seg [ ii ] 



/♦ KEY lenotii 
/* KEY type 

/* 

/* 
/* 
/* 
/* 
/* 



index i 
index i 



DUPLICATE flag off 
NULL key flag off 
EMPTY character 
NUMBER of key segmenrs 
POINTER to seomenr array 
NULL r-rree index name 

KEY length index i 
KEY type index i 
DUPLICATE flag off 
NULL key flag off 
EMPTY characrer 
NUMBER of key secraents 
POINTER to secnneht array 
NULL r-tree index name 



_isain" 
-1, 
72, 
288, 
0, 
7, 
256, 

isaa_idx 

) ; 



/♦ 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 



root file name 
data file number 
record length 
file extension size 
data file mode 
number of indices 
index file extension size * 
index file mode 
pointer to index array 
NULL fields 



*/ 
*/ 
*/ 
*/ 
*/ 
/ 
/ 
/ 
*/ 
*/ 



*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 

*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
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BSTRUCT.H 

strurcures used in rhe sofrvare 



ceo OS 



COOTT 
TZXT 

unsicned char 
float 

unsicned char 
srrucr 



Record in geometry database 



deiete_flag; 
part r 3 1 ; 
numvec; 
Fflaof 4 ] ; 
Uflagf 10] ; 

Fvectcr_gs vector fMAXCONl ; 



/* vectors 



struct oart cs 
couirr 

COUNT 

TEXT 

TEXT 

TEXT 

TEXT 

unsigned char 

unsicned cnar 

unsicned cnar 

unsicned char 

unsicned char 

unsigned char 

unsigned char 

unsigned char 

unsicned char 

float 

float 

float 

float 

float 

COUNT 

COUNT 

COUNT 

COUNT 

TEXT 



/* Records in the parr database 

delete_f lag; 
class^l01 ; 
parrrPARTL+l) ; 
descfDESCL-rl J ; 
dwg2i3 1 ; 
dwg3[3] ; 
delivery: 
lociqslug; 
obsolete; 
gW; 
gH; 
go; 

nunHistory; 
Itype; 
Uflag[4] ; 
weighr ; 
volime ; 
asytia; 
coisyds ; 
rflag(2] ; 
graphic; 
f ixparr; 
acraenu ; 
Iflag[4] ; 

var(3 0+(10*PART.HISTORYLZN) ] ; 



struct def cs 

{ 

COUNT 
COUNT 

unsigned char 
unsigned char 
unsigned char 
unsioned char 

text' 
) ; 



/* records in the default database 

deiete_flag; 
number; 
optflO][10]; 
suboptf 101 [10] ; 
COIusedflO] ; 
UflagC4 j ; 
descf 72 ] ; 



struct DMvar cs 

( 

unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 



chance ; 
type: 
ni2a; 
tc_type ; 
to nui; 
Uflac; 



/* 

/* 
/* 



0« H-a 2— 3*« 4/= 

Which type of var chances 
which var numoer cnanges 
type of modifier (O««inteoer) 
modifier var nua or integer value 
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2Mvar -s 



ur.sicned 
unsicr.ed 
ur.sicned 
unsiqnea 
unsigned 
unsiqnea 
unsiqnec 
unsigned 
unsicnec 

1 ; 



cnar 
cnar 
cr.ar 
cr.ar 
cnar 
cnar 
cnar 
cnar 
cnar 
cnar 



compare ; 
cnanqe ; 
rype; 
num; 

coap_rype ; 
coap^nui; 
mod^rype ? 

T:o_rype ; 
ro num; 



/ * 
/* 



/* 



rype of ccaparison 
zype or cnahge xn mod var 
1st var type *" 
Isr var niiiDer 

rype of coapararor (0=«inreaer) 
compararor var num or integer value 
rype oz var to be chanaed ^^-^ue 
numoer of var to be cnanoed 
type of to, value (0««inieaer) 
to_ aodif ler var num or integer val 



*/ 
*/ 

* 'y 

* / 

* / 
*/ 
*/ 
*/ 

* / 
«'/ 



struc: 



rrcon_qs 



cout:t 

COUKT 

unsigned ci:ar 
unsiqnea char 

unsiqned char 
unsiqnec cnar 
unsigned cnar 
unsigned char 
unsiqned char 



result ; 
useNote ; 
numcnecn: 
hovchecjc ; 

type f 8 1 ; 
nuffif 6 1 ; 
to_type C 8 ] ; 
to~numr8 1 ; 
compare f 8 ] ; 



/* 
/• 
/* 
/* 
/* 
/* 
/* 
/* 



NOTT; these last five 
values are read into 
this structure using 
the structure IFcon in 
which is also used to 
write out this info 
(it has a pad bvte to 
to maJce an even' size) 



*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 



/♦ if TTIUE then rerum this value 

/* number of conditions to check 

/* hov to put rogemer the ccndiriors 

/* 0 -> them ail togetner 



/* how 
/* 0 
/* 1 
/* 
/♦ 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 



2 
3 
4 
5 
6 
7 
8 
9 

10 
11 



to 

<< 
>> 
< = 



<< 
>> 



compare them 
value 
value 
value 
value 
value 
value 

variable's value 
variable's value 
variable's value 
variable's value 
variable's value 
variable's value 



*/ 



*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
♦ / 



struct irccn in cs 

unsigned char 
unsigned char 
unsioned char 
unsigned char 
unsioned char 
unsigned char 
); 



comoare ; 

type; 

num; 

to_type; 
to num; 
Uflag; 



struct MseiAct as 

{ 

unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 



nuaDMvar; 
nualF_DMvar; 
nualFnot ; 
numlFDarr : 
numlFgoto ; 
numOMvar2 ; 
nualF_DMvar2 ; 
nximPart r 
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;nsigned cnar 
:nsicnea cnar 



srruc: 



CMvar cs 
ir_DMvar_r3 
IJcon_qs 
ircon*qs 
I?con_qs 
DMvar^qs 
I" DMvar cs 



s-ruc" 

srrucz DMvar^cs 

) ; 



r.umDMvari ; 
Vflagf 3 ] ; 

A_DMvar 

A_ir DMvar 

A_IFnor 

A_IFDarx 

A_IFaoro 

A_DMvar2 

A_ir_DMvar2 

A_parr 

A DMvar3 



'MAXA_DMvar I ; 
•HAXA_I"_DMvarl ; 
f^^AXA_I7^*or^ ; 
fMAXA iroarx) ; 
[MAXA^Irsoroi ; 
rMAXA_DMvar2i ; 
'MAXA rr_DMvar2]; 
[MAXAllFparr 1 [PARTL+ll 
fMAXA DMvarJ] ; 



srrucr nenu^as 
( 

COUNT 
COUNT 
COUNT 
COUNT 

unsigned char 
unsigned ctiar 
unsigned char 
unsigned cxiar 
unsigned char 
unsigned char 
unsigned char 
unsigned char 

COUNT 
COUNT 
COUNT 
COUNT 
COUNT 
COUNT 
COUNT 

Tsrr 

) ; 



delece_f lag; 
nm&oerT 
useMore ; 
Iflag{5] ; 
Uflac(101 ; 
nimSel ; 
nuTPHelP ; 
nuisDMvar ; 
numXr_DMvar ? 
nu&XFsel: 
nusiAcr ; 
Unu2D(4 ] ; 

SelB%rte : 
HelpByte; 
DMvarflyte ; 
IF_DMvarflyre: 
IFseiByxe ; 
Accsyte 7 
Inumr4 ] ; 
varfKENUVAR] ; 



srrucr cipoi_qs 
COUNT 

couirr 

COUNT 
char 

unsigned char 

floar 

floar 

COUNT 

}; 



delere_f lag; 

Inum; 

pnum; 

rev; 

z: 

XI ; 

mtdir ; 



scrucr Clgraoh as 

( ' 

COUNT delere_flaa; 

COUNT Iniim; 

COUNT gnum ; 

char rev ; 

unsigned char gW; 

unsigned char gH; 

unsigned char gO; 

unsigned char aitgeo; 

unsigned char Uflaa; 

COUNT grapnic; 
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COUNT 
float 
floar 

J ; 



srrucr Clbase os 

{ 

COUNT 
COUNT 
COUNT 
char 

unsioned char 

COUNT 

COUNT 

COUNT 

TEXT 

TEXT 

) ; 



srruct Civile gs 

{ 

COUNT 

COUNT 

COUNT 

char 

char 

unsigned char 
unsigned char 

) ; 



strucr citiieA gs 

COUNT 
COUNT 
COUNT 
char 

unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsianed char 
COUNT 
In- 



struct Gspace^gs 

COUNT 
COUNT 
COUNT 
COUNT 

unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
char 

COUNT 



rozz : 
locX; 
iocY; 



delete_flag; 
CInua ; 
zero; 
rev; 

Uflag[3] ; 
DRC_Fail ; 
nuffiClDOi ; 
nuacigraDh; 
namerxo] ; 
descf 38] ; 



delete^flag; 
TileSuoer; 
Tllesuh; 
rev? 

lastch; 
oprflO] ; 
sujDopt[lO] ; 



delete_flag; 
Tnuxa; 
zero; 
rev; 
width; 
height : 
frame _ws ; 
nusitile; 
Gt:iie(5] ; 
sup[5] ; 
sub[5| ; 
graphic [2] ; 



delete_flag; 

numberT 

Snum; 

Citesmua ; 

deletable; 

gw; 

gH; 

gO; 

altgeo ; 
DrawLay; 
height [ 4 ] ; 
Uflag; 
DBAinrev ; 
DBAin; 
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f loar 

float 

recz 

rect 

1 r 



grannie; 
ro« ; 
iocX; 
locy ; 
IccZ ; 

gR; 
ggR; 



:ea as 



TEXT 

unsigned 

unsigned 

unsianed 

COUNT 

COUNT 

COUNT 

COUNT 

unsigned 

unsignea 

unsigned 

unsignea 

} ; 



cnar 
cnar 
cAar 



cnar 
cnar 
cnar 
cnar 



/* cluster design daraiase record 

delete_f lag; 
numcer; 
Manu_Linef21 ; 
partf PARTL+1] ; 
oprfio] ; 
sulaopr riO] ; 
delerable ; 
orddes ; 
usftKav ; 
dlrcohl ; 
iriaa(51 ; 
UflacClOl ; 
GtileKTSi ; 
GtlieSfsj ; 

Uvar[MAX_XlA+MAX_XOA+MAX XIC+MAX XOC+KAX XCLCSE+ 

MAX_XQCLOSE+(MAX_X8**9) + (MAX_X4 *5)?(MAX X2 ♦S)]; 



struct Iitem_as 

( 

COUNT 
COUNT 
TEXT 
TEXT 

unsigned char 

unsigned cnar 

unsicned ciiar 

couirr 

COUNT 

COUNT 

COUNT 

unsigned cnar 
unsignea cnar 



/* Interior design database record 

dftiete_flag; 
nuafier; 
Manu_l.inBf 21 ; 
partf PARTL+i) ; 
opcf ioi ; 

SX2bOI3t(101 ; 

dftletaJsle; 
orddes ; 
useKey ; 

dirconi ; 
IflactS] ; 
uriaa(l01; 

UvarrMAX_XlA+MAX_XOA+MAX XII+MAX XOI+MAX XCIX3SE-f- 
(MAX_X3_*9) + (MAX X4 ♦5) + (MAX'X2 *3)]7 



struct Titem^as 

{ 

COUNT 
COUNT 
TEXT 
TEXT 

unsigned char 
unsigned char 
uns laned char 
COUNT 
COUNT 

unsigned char 

) ; 



/* Tile design database record 

deiete_flag; 
ntmner: 
Manu Line r 2 ] ; 
parxTPARTl+i) ; 
optfiO] ; 
suboctf 10] ; 
Uflag(il) ; 
orddes ; 
Iflag[51 ; 

UvarCMAX^XlA+MAX^XOAi-MAX^XlT+MAX^XOT] 



struct 



isaa as 
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COUKT 

COUNT 

COUNT 

COUNT 

unsianed 

unsioned 

COUNT 

COUNT 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsianed 

char 

TZXT 

COUNT 

COUNT 

COUNT 

COUNT 

COUNT 

COUNT 

floar 

floar 

floar 

rect 

recr 

); 



char 
char 



char 
char 
char 
char 
char 
char 
char 
char 
char 
char 
char 



delete_f lag; 
nunoer; 
Grades ; 
desrEf rame ; 
rype ; 

delerable; 
Df ra2nel; 
Df^aIne2; 
height [4 ] ; 
concur ; 
condes ; 
Draw Lay ; 
gW; 
gH; 
gO; 

Uf lag2 ; 
nodrav ; 
altgeo; 
Uflag; 
DBAinrev ; 
useGeo[3l ; 
Iflag; 
DBAin; 
graphic: 
f ixparr: 
acraenu ; 
rorz ; 
locx; 
locY; 
locZ; 
gR; 

ggR; 



strucr PHf rame qs 

{ 

COUNT 
COUNT 

unsigned char 
unsianed char 
char 

] ; 



delete_flag; 
niuzLber ; 
width; 
heicht : 
used(481 [86] ; 



struct PHadj_gs 

COUNT 
COUNT 
COUNT 

unsigned char 
unsigned char 
unsigned char 

); 



number; 

dist_left; 

dist orthog; 

left" 

orthog; 

width; 
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* XINT.C 

rl l!iL5r'*^"*^^*f ^'-^^ ^2 Desian Manaoer f=r r.^e 

creatian cr incerrcr T%i3icals. 

.'Old Dcinrericrf) 

openPrc":Oef ( ) ; 
upCAD=« 6: 
nevAcriV6» o : 
cur£f rame« o : 
InPl= 0; 
CADsrarus= o ; 
openPrcTcr D ; 
OpenPHf rame ( ) ; 
ordltea* O; 
CUrltfiffi- 1; 
nunlfraae* O; 
Leasritea« i; 
OpenltenK ) ; 
NexTMenua £l h IKT; 
DoNorsxirxnrirlor^ l; 
Auroln-l^op ( ) ; 

vhiie fDoNotExirinterior) 

f 

If C KeyEvenr { False , &evnr ) ) ' 

{ 

if ^ ( evnr . AS CXI =-o & & e vnr . S canCode— O & &e vnt . s rar e> Oxtf) 

if fMburron—LETTBl * 

{ 

if (UpCAD«0) 

if (cunisel>-2) 

{ 

If (curMsei— 1) DisMenuO; 
else 

( 

p (DoNotExirXnrerxorj AuraXnrJLoopo ; 

oldcurp.x— i; 
cxirwsei* -2; 

) 

) 

else 

( 

switch ( CADstatus ) 

( 

case 1: 

if ^ (newAcrive>o&4n6WAcrive ! -curAcrive ) 

D«i?'l2fSToN?r'^^ ^ err(ERI^.XXNT,50) ; 

SetOavnCluCAD( ) ; 
upCADs o; 

H J9;'^^"'r-isamrnewAcrive) ) errfERR XINT.51) ; 
i«-.i2*'^"^^^™'"®*'A"3.ve) ) err(ERR XIKT,52); 
ctirrfraae- t isam. desrs frame; 
NexTMenus^ T Isam-acnnenu; 
2eroZe3roVar( ) ; 
ResroreXvar( ) ; 

Appendix Paee C-9 



-96- 



BNSDOCID: <WO 9301557Al_L> 



wo 93/01557 PCr/US92/0S650 



SetBelowVarO ; 
SetSusDVard) ; 
SetFreeVarO ; 
initxitemr ) ; 
AuroIntiLoop ( ) ; 
} 

break; 
case 2 : 
case 3 : 

if (newActive>0) 

( 

Se-tDovnCluCADO ; 
upCADs O; 

InteriorMenuActiondnenu.niiaber. -l*CADst:at:us) • 
if (DoNotExitXnterxor) AutoXntLoop() ; 

break; 

) 



) 



if (EquaiPt ( &curP , & oX«acurP) «False ) 

DupPtr&curP, fioldcurP) ; 
UpdateUpCAD r cure) ; 
if (upCAD) MovelnUoCADO ; 
else cure- MoveXnMenu < ) ; 

} 

ClearCadPort ( ) ; 
KillPHframeO ; 
CloseProjDef () ; 
CloseProjcXO ; 

void AutolntLoopO 

COUNT didFS; 
LoadMenurNextMenu) ; 

while ( DoNotExitXnter ior & &AutoSeXect>-l ) 

Inter iorMenuAct ion (menu, number, AutoSelect) ; 
If (DoNotExitxnrerior) l-oadMenu(NextMenu) ; 

if f DoNotExitlnterior ) DisMenu ( ) ; 
while (DoNotExitXnterior&&CADsratus>3 ) 

if (Xlvar(xlXZLEVAT]— 0) 

DoF5(); 
didFS- 1; 

) 

else didF5« 0; 

AOvar(xOAINTGER]= GetlnHeriorDig ( ) ; 
InteriorMenuAction (menu. number,-!) ; 
if (DoNotExitXnterior) LoadMenu (NextMenu) ; 
while (DoNotExit;Xnterior&&AutoSelect>-l) 

InteriorMenuAction (menu. number , AutoSelect) ; 
If (DoNotExitXnterior) LoadMenu(NextMenu) ; 

if (DoNotExitXnterior) DisMenu() ; 
If (didFS) doFSO ; 
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•Old InzericrMsnxiAccicnfCCmrr Mnun. ZZXJirr Hsei) 
NoChecjc* I; 

r 

Ne)crMenu'= sif-l.O); 

AOvar [ XOADGOUAD 1 = newAcrive ; 

else if CMseix=»-3) 

t 

NexTMenu* SI f- 1.0); 
AOvar r XOADGQUAD 1 - newAcrxve ; 



roi^GetT^isaitorjlIteaj) err fERR_XI2rr. 849) ; 



( 

if (curP.X<T_isaa.aR.Xain) Ca- o; 

else If (curP.X>T_isaia.aR,Xmax) Ca= T_isam.aW; 

else ca« ( curP*X-T_isam-cR.Xain) /CDerl ; 

-f (T_isam.rcr2=»lS00} Ca» T isam.aW-Ca ; 

else 

I 

if (curP.Y<T_isajii.aR. Yain) Caa o; 

else if (cxirp, Y>T_£san.aR.ynax) Ca= T isam.aw? 

else Ca» (curP^Y-T^isam.'aR.YniiD/Cperl; 

if (T_isam,rcr2«2700) ca« T isam.aW-ca; 

) 

AOvar fxOAIKTGER]= Ca; 

) 

else 

{ 

Nexr«enu= si fMsel , o ) ; 
swxtcii<Mnua) 

{ 

case EI H^IKT COM: 
svirc5rMsel7 

( 

case 0: 




KexTHenue T_Tsam,acrmenu; 

RescorBlvar( ) ; 

SetBelowVarO ; 

SetSuspVarri) ; 

SetFreeVarO ; 

inirXi^em( ) ; 

breaJc; 
case 3: 

Delerelntlteac ) ; 

breaic; 
case 4 : 

DeletelntiWindowC) ; 
breaic ; 

) 

breaic: 
default: 

if ^ ( (Mnum>iaooo&&Mnuffl<i9001) | | (Mnum>28 000&&Mnua<2900i) ) 
litem. siitoopi:(curOpr]= Msel; 

else if { (Mnx2m>l5000&fiMni2in<17001) I I (Kniim>2S00O&&Mnti2n<2700l) ) 
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{ 

I-astbptSel» Msei; 

litem. opr(curoptj= Msel ? 

if (Debug-=2) OutOptNeed ( ) ; 

break; 

} 

if (NoCheckfi&DoNotExitlnterior) Chec}cSelectAct<Msel) ; 



void InteriorMenuEntryActO 

CADstatus= menu . Uf lag f 2 ] ; 
switch ( CAOstarus ) 

{ 

case 1: 

newActive- o; 

curActive- ordltem; 

break; 
case 2: 
case 3: 

SetUpCADQuadrants ( ) ; 
breaic; 

) 

if (menu.Uflag[3]— 1) cur£frame- O; 
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"unrxcn fcr isadxng a new menu 



::2v^rr La : 

unsigned cnar csioff; 

if fLnum»H:i_M TILE) 

csioff= XlvarfxlXC2l6m ; 
ir ;onfiy«»oi inirvaroJ 
XlvarfxiXCDIorn= ccicri; 
If (Haveooened) ' 

{ 



If ronfly— 0) Closeltemf); 

exsc If (Onfly— i) Closeo_item() ; 



errfSiR_XMEKU. 6566) ; breaic; 

LoadCluMenu,Xnreriort SOUTH) ; breax: 

I^adSpacertenuo ; breaJc; -areax, 
LaadOXFHenu ( ) ; breaic; 



case C: 
case -1: 
case -2: 
case -3 : 
case -4 : 
case -r: 
case -10: 
case -11: 
defaulr: 

iniraenu ( } ; 

cpytouf f targ , fiLnum • 2 ) ; 

srrcpy (s^imenu.varf 201 ) ; 
ToQtxr(s); 

cpybu^rSeXByre..«e„u.var(=.4nuJail5rS;^ 



(WhereAnI i =IS_LOOK) 



X^-*^) McofLal- -1; 



( 

for fLa»o; La<aienu . numSei ; 
If f DoOeltaMco) 

for (La«0; I^<curOeitaMco : La-h^) 
If (cieltaMcofLa) [01—Lnua) 

Mcof (deirafico[iai [1] ) ]« coMuseeiF- 



{ 

case IS^TIIX: 
case IS_DEFAOI.T; 
case IS_CIUSTZR: 
case XS_rNTERIOR: 
case IS SPACEPULN: 
} 



TileMenuEntrvAct ( ) ; 
DefMenuEnrrvAccr ) ; 
CiiiscerMenuiinrryAcro ; 
InteriorMenuEntiryAct ( ) 
SpaceMenu£nrryAcr() ; 



DoMenuDMvarC ) ; 
DoMenuXF^DMvar ( ) ; 
AuroSeXecz= DoMenuC3I() ; 

H f^^"f^lecr«.i) Auroseiecr= DoMenuXFsel r ^ 
'If ( Auroseiecca— 1. 1 | oe±)uc«-i ) """enux^sex ( ; 



breaic: 
breaic; 
breaic; 
breaic; 
breaic; 



DoMenuXFnor ( ) 
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nu2nMpace= nuiaPhysSel/19 ; 

if (hiiinPhysSei- ( 19*nmnttDaae) >0) nuaMDage-h-t- ? 
if ( nu3nMDaoe»«0 ) numMDaae= l; 

) 

) 

break; 

) 

} 
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XHENUACT.C 

Funrions fcr senu enrry acrions 
void OoDMvaro 
COUNT DMa? 

for (DMa=0; DMa<inenu.numDMvar; DMa+-*-) 

cpytouf f&DMvar, &iDenu. varfnenu.OMvarBvte-H(6*DMa) 1,61; 
DoDMvar( ) : ' ' » i » 

ChecKAccionVarf ) ; 
) 



void DoMenuXF DMvar() 

{ 

COUNT DMa; 

for (DMa-0; DMa<ffienu*nuiair_DMvar ; DMa-*-t-) 

cpybuf fSIF_DMvar,&menu.varfinenu.ir DMvarBvte-K(lo*DMa) 1 loi • 
ChecxAc-LionVar ( ) ; 



COUNT DoMenuXFsei { ) 

COUNT DMa, DMb, 
DMrerum , 
curByte; 

DMrerurns -i; 

curByte- menu. IFselBvte; 

for (DMa«o; DMa<inenulnumlFsei; DMa-Ht-) 

?^^^¥£^^^^°^ • &inenu. varf curByte ] , 6) ; curByten— 6 ; 
for {DMb»0; DMb<XFcon.nuactiecjc; DMtH-t-) 

initIFcon_in( ) ; 

cpytouf f &IFcon_in. Anenu, varf cursvte l , 6) ; curBvte-t-- 

IFcon.rypefDMbl^ IFcon * in. t^rpe; * 

IFcon . nua r DMb 1 = IFcon"xn . num ; 

IFcon.ro_typefDMb}= IFcon"in.ro type; 

IFcon . t o^nutt f DMb } = IFcon"in . to'num ; 

IF con . compare f DHb ] = IFcon^in . compare ; 

if fDoIFconO) 

{ 

DMrerum= IFcon. result; 
DMb* 3 0000; 
DMa* 30000; 

} 

) 

return ( DMretum ) ; 

void DoMenuXFnot ( ) 

COUNT DMa, DMb, DMc:' 
if (Debugi=i) 
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.cr cnMa«0; DMa<inenu. nuiaSei ; DMa-t«t-) 

I 

(SUfDMa,l)>0) 
SetMselAcr rsUfDMa. 1} -1) ; 

-sr (DMb«0; DMb<MselAcr.nu3aIFnot; DMb++) 

ircon= MselAct.A_lFnor rOMb] ; 
If (DoIFconO) SM[DMa]« 0; 

} 

) 

} 

DMb= 0; 
DMc= 0; 

niiiaPhy sS e 1 « 0 ; 

for (DMa-O; DMa<menu.nuinSei; DMa-M-) 

if (SMfDMa]) 

{ 

SMTDMcie DMb? 
DMb-t-c : 

nuaPnysSel-f-t- ? 

) 

else DMb^--^ ; 

} 

} 



void DoDMvarO 

unsigned char to_val; 
switch ( DMvar • t:o_t:ype ) 



{ 

case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
default 
) 



0 

1 

2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 



to_val« DMvar •to_nuiB? 
to_vai- ACTvar[ DMvar. to nua); 
to_vai» CLOSEvar[ DMvar. CO numl ; 
to_val« CCLOSEvarC DMvar. CO nua] ; 
to_val«=: DEPvarf DMvar. to nua) ; 
to_val« covar [ DMvar . to nua ] ; 

Civar( DMvar. to"nua] ; 
IOvar[DMvar.co_nua] ; 
Xlvar( DMvar. to nua] ; 
TO var [ DMvar . r o"n\ia ] ; 
_ Tlvarf DMvar. to"nua ] ; 

to_val" AO var f DMvar . to"nua ) ; 
to_val- Alvar [ DMvar. to"nua]; 
to.val- XOvar[DMvar.to"nuaj; 
to_val« Xlvar[ DMvar . to'nua ) ; 
to_val» _8 var [ DMvar . to"nua j ; 
to_val= .4var[DMvar.to"nua); 
to_val« .2varCDMvar.to~nual ; 
err ( EHR_XKENUACT , 2 0 6 ) ; " 



t:o_vals 
t:o_val« 
to_val- 
to_vai- 
to val* 



switch (DMvar. change) 

case 0: 

switch ( DMvar . type ) 



( 

case 1: 
case 2: 
case 3: 
case 4 : 



ACTvar [ DMvar . nxia ] » 
CLOSEvar [ DMvar . nua 1 = 
QCLOSEvar f DMvar . nua ] > 
DEFvar [ DMvar . nua ] = 



break; 

break; 

break; 

break; 

break ; 

break ; 

break; 

break; 

break; 

break; 

break; 

break ; 

break; 

break ; 

break ; 

break; 

break; 

break; 

break; 
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case 


c . 


covar f DMvar . nun ) = 


case 


6 : 


c 1 va r ( DM va r . r.us i = 


case 


7 : 


1 0 var f DMvar - nun 5 = 


case 


6 : 


I Ivar f DMvar . num i = 


case 


9 : 


T Ova r r dm va r . nun i - 


case 


IC: 


T 1 va r f DMvar . nua j = 


case 


11: 


AO var f DMvar . r.ui ) = 


case 


12: 


Alvar f DMvar . nuffl i « 


case 


13: 


xovar r DMvar . num i = 


case 


14 : 


Xlvar f DMvar . nun i = 


case 


15: 


_8 var f DMvar . nua i = 


case 


16; 


_4 var f DMvar. num i= 


case 


17: 


2 var f DMvar . nua i = 


aefauir: 


errrZHil XMZNUACT.2 



) 

creaic; 
rase 1: 

switch ( DMvar . r-/pe) 



( 

case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 



6 

7 

e 

9 

10 

11 

12 
13 
14 
IS 
16 
17 



default 

) 



ACTvar f DMvar . num ) 
CZDSEvk r f DMva r . num I 
QCIOSEvar f DMvar . nui ) 
DEJVar f DMvar . num 1 '4— ' 
COvar f DMvar . num ) 
Clvar f DMvar . num i 
1 0 var f DMvar . num i 
I Ivar ( DMvar . num t 
TO var f DMvar . num 
T Ivar f DMvar • num i 

AOvar r DMvar. num 1 +- 

Alvar r DMvar . num } 

X 0 var t DMvar • num J 

Xlvar f DMvar . num ) 

_8 var f DMvar. num j •»-• 

_4var f DMvar. num l 

_2var f DMvar. numi 

err(EHR_XMEmJACT,2 04) ; 



breaic; 
case 2: 

svitcii ( DMvar . rype ) 



( 

case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 
case 13 
case 
case 
case 
case 
default 
) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 



14 
1£ 
16 
17 



ACTvar r DMvar - num ) -° 
CLOSEvar f DMvar . num \ — 
QCLOSEvarf DMvar . num J — 
DEFvar r DMvar. num I * 
covar f DMvar. nxim ) 
Clvar f DMvar . nxim i — 
I Ovar f DMvar. num j — 
Ilvarf DMvar . num j — 
TOvarf DMvar. num I — 
Tlvar f DMvar - num J — 
AOvar f DMvar . num J — 
Alvar f DMvar . num ] — 
XOvar ( DMvar. nua ) — 
Xlvar ( DMvar . nm j — 
.8 var f DMvar . nua ) — 
_ 4 var ( DMvar . nua j — 
_2var f DMvar . nua I — 
err ( ERR_XMENUACt ,203) 



breaic; 
case 3: 

svitca f DMvar . type) 



( 

case 1: 



ro_val; 
ro_vai ; 
coeval : 
to_val ; 
to^vai ; 
to"val ; 
ro_val : 
to^vai ; 
to vai ; 
to^vai ; 
to^vai ; 
to_vai ; 
to val; 



to_val ; 
to_val ; 
to_vai ; 
to_vai ; 
to_val; 
to_val ; 
to"val ; 
to_vai ; 
ta_val ; 
to_val ; 
to_val ; 
to_val ; 
to_vai ; 
to_val ; 
to_val ; 
to_val ; 
to vai; 



creak; 
breaic; 
creaic; 
breaic; 
creaic; 
breaic; 
breaic; 
breaic; 
breaX; 
breaic; 
breaic; 
breaic; 
sreaic; 
breaic; 



to 


vai; 


breaic; 


to 


"vai ; 


breaic; 


to 


"vai ; 


breaic; 


to" 


Ivai ; 


breaic; 


to" 


vai; 


breax; 


to" 


'vai ; 


breaic; 


to" 


"vai; 


breax; 


to" 


'vai ; 


breax; 


to' 


"vai ; 


breaic; 


to" 


"val; 


breax ; 


to_vai : 


breax ; 


to 


vai; 


breaX; 


to" 


vai ; 


breax; 


to vai; 


breax ; 


to 


vai; 


breaX; 


to" 


vai ; 


breax ; 


to" 


vai ; 


breaX ; 






breax ; 



ACTvar [ DMvar . nua ] ♦» 
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to" vai : 



breax; 

creaX; 

creax: 

breax; 

breax; 

breax; 

break; 

breaX ; 

breax ; 

breaX ; 

breax ; 

breax ; 

breaX; 

breaic; 

breax : 

breaX ; 

sreax; 

breax: 



rreax: 
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case 


2: 


case 


3: 


case 


4 : 


case 


5 : 


case 


6: 


case 


7: 


case 


6: 


case 


9 : 


case 


10: 


case 


11; 


case 


12: 


case 


i: : 


case 


14 : 


case 


IS: 


case 


16: 


case 


17: 


default: 



} 

break; 
case 4 : 

svir cii ( DMvar . rype ) 



CLOSEvar r DMvar . num j *» 
QCLOSEvar f DMvar * nun i «= 
DEPVar f DMvar . nuB ) •= * 
covarf DMvar . nun ) *= 
Civar f DMvar . nun ] *= 
I Ovar f DMvar . nun j *=s 
Ilvarf DMvar.nuffll *= 
Tpvarf DMvar. num 1 
Tlvar f DMvar. nun ) 
AOvaf f DMvar . nun i *«= 
Aivar r DMvar . nun i *« 
XOvar f DMvar . nun i 
Xlvar f DMvar . nun ) *» 
_B var f DMvar . nun ) 
_4 var r DMvar . nun \ *= 
^2 var f DMvar . nun ) 
err ( ERR_XMENUACT ,202) 



{ 



case 


1: 


case 


2: 


case 


3: 


case 


4 : 


case 


5: 


case 


6: 


case 


7 : 


case 


8: 


case 


9: 


case 


10 


case 


11 


case 


12 


case 


13 


case 


14 


case 


15 


case 


16 


case 


17 


default 



ACTvar f DMvar . num ] /= 
CLOSEvar f DMvar . num ] /= 
QCMSEvar f DMvar . num ] / = 
DEPvar f DMvar . num 1 / = 
COvar f DMvar . num ) /= 
civar i DMvar . num ) / = 
lOvarf DMvar • num ) /-= 
Ilvar f DMvar . num ) 
TOvar f DMvar . num ) / = 
Tlvar f DMvar . num ] / » 
AOvar f DMvar . num ] /= 
Alvar f DMvar . num ) /« 
XOvar f DMvar . num ] /» 
Xlvar f DMvar . num ) /« 
_8 var ( DMvar . num ) /« 
_4 var [ DMvar • num ] /= 
_2 var r DMvar . nun i / » 
err ( ERR_XMENUACT , 2 0 1 ) 



break: 
default: 



to 


vai 


' breaic; 


to' 


"val 


breaic; 


to^ 


^vai 


break; 


to" 


val 


r break; 


to" 


"val 


' break; 


to' 


"val 


r break; 


to" 


"vai 


break; 


to" 


>al 


break; 


to" 


val, 


break; 


to" 


"val, 


break; 


to" 


'val; 


break; 


to' 


"val J 


break; 


to" 


"val; 


break; 


to" 


"val; 


break; 


to" 


"val ; 


break; 


to" 


val; 


break; 






break ; 



to val 
to"val 
to"val 
to^val 
to^val 
to val 
to"val 
to"val 
to^val 
to_val 
to^val 
to_val 
to_val 
to_val 
to_val 
to_val 
to vai 



break; 
break; 
break; 
break; 
break ; 
break ; 
break ; 
break ; 
break ; 
break; 
break; 
break; 
break? 
break : 
break ; 
break; 
break ; 
break ; 



err ( ERR^XMENUACT ,208); 
breaic; 



void DoIF DMvar f) 

( 

COUNT 

unsigned char 



Da; 

comp^val r 
vai; 



Da- 0; 

swxtciidr 



{ 

case 
case 
case 
case 
case 
case 
case 
case 



_DMvar . comp^type) 



0: 
1: 
2: 
3 : 
4 : 
5: 
6: 
7: 



comp_vali 
conp~vai« 
comp_vais 
comp_^vai» 
comp^vai* 
comp~val« 
comp*val« 
comp*val= 



ir^DMvar.como num; 
ACTvar [ ir^DMvar • comp nun 1 ; 
CLOSEvar { xr^DMvar . co5p num ] ; 
QCLOSEvar[IF_DMvar.conD num] 
DEFvar f IF DMvar . comp num ] ; 
COvar [ IF_5Mvar. como Hum) ; 
Civar [IF_DMvar.comb"num) ; 
I Ovar [ IF^DMvar . ccnp^num ; 
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break; 
break ; 
break ; 
break; 
break; 
break; 
breax; 
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~3se e : 
-ase 9 : 
case iC: 
case ii; 
case 12: 
case 12: 
case 14: 
case 15: 
case 15: 
case 17: 
default: 



cc=p_vai= Ilvarnr 
ccsp^vaie TCvarri?' 
cc=p_vai= Tlvarrir" 
=c=p_vai= AOvarrir' 
cc=p_vais Alvarrir" 
cc3p_val- xovarri"" 
cc=p_val= Xlvarfl"' 
cc=p_vai= _Svarfrr~ 
cci:p_vai= .-varfir 
ccM__vai= _2varfir 



DMvar-c 
DMvar.c 
DMvar.c 
DMvar.c 
DMvar.c 
.DMvar.c; 
DMvar.c; 
DMvar.c; 
.DMvar.c; 
DMvar.c; 
0) ; 



cap' 

iap2 
:ap* 
tap2 

;ap2 



[nua j ; 
[nua i ; 
^nua ] ; 
[nuai ; 
'nuai ; 
nua i ; 
'nun i ; 
num i ; 
nua i ; 



svitc.^. r ir.DMvar . rype ) 



creaK: 
crean; 
breax: 
breax; 
creajc; 
creax; 
braax: 
breax; 
creaK ; 
breaic; 
breaK: 



t 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 

case 



4 

5 
6 
7 

6 
o 

IC 
11 

14 
1 = 
Ic 

i: 



case 
def auir 
) 

svir ( IF^DMvar . ccapare ) 



vai« ACTvarfir^DMvar.nual ; 
vai= CLOSEvarfir__DMvar.nuB! ; 
val- QCLOSEvarfir DMvar.nual; 
vai« DErvarfir_DMvar..-;uffil ; 
vai« COvarfir DMvar.nuai; 
vai- Civarf rr^DMvar.nuaj ; 
val«= lOvarf ir_DMvar.nuaJ ; 
vai-= Ilvarfir_DMvar.nua} ; 
vai« TOvarrir^DMvar.nutt) ; 
vai- Tlvarf ir^DMvar.nual ; 
vale AOvarf ir DMvar.nuai; 
val« Alvar f ir^DHvar . nua i ; 
val= XOvarf ir^DMvar.r.uai ; 
vai« Xlvar f IF^DMvar . nua j ; 

.8 var f Ir_DMvar . .-lua J ; 
^^-^^^ -^varf I?_DMvar.nuai ; 
vale _2varfr7 DMvar.nuai; 
err(S3R_XMENUACT,Ii2) ; 



( 

case 0: 
case 1: 
case 2; 
case 2: 
case 4 : 
case 5: 
defaulz: 
) 

It (Da) 

{ 

DMvar.cnanae« 
DMvar.zype- 
DMvar.nua- 
DMvar.-s rvpe* 
DMvar . za2nua« 
DoDMvar ( ) ; 
) 



if Cvai«ccao vai) Da« 

If (vai* =rcaaD"vai) Oa- 

if (vai< coaB^vai) Da- 

If (vai> coao vaij Da- 

if (vai<:=coat3""vai) Da- 

If (vai>»coats"vai) Dam 
err(£SH_XKEHUACT.215) ; 



break : 
breaic; 
breaJc; 
breaic ; 
breaic: 
breaic: 
breax ; 



rr_DMvar . ciianoe ; 
ir_DMvar .aod^rvpe ; 
ir_DMvar.aod niia: 
IF_DMvar . "co^rype ? 
ir_DMvar.rc num: 



breaic: 

breaic ; 

breaic ; 

breaic; 

breaic : 

breaic : 

breaic: 

breaic: 

breaic ; 

breajc; 

breaic: 

breax: 

breax: 

breaK: 

breaic: 

breaic; 

breaic; 

breaic: 



COUNT DoIFconc) 

COUNT Dia, 

DIrerum ; 
unsigned c.^.ar zo vai, 
vai; 

DXa- 0: 

Direrum* i; 

svxr cn ( iFcon . howcnecic ) 
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case 0: 

while r DIrerurn&&DIa<IFcon. nximcheck) 
switch (IFcon.ro_type[DIa] ) 



case 


u • 


case 


1 : 


case 


2: 


case 


3 : 


case 


4 : 


case 


5: 


case 


6: 


case 


7 : 


case 


6 : 


case 


9 : 


case 


10: 


case 


11: 


case 


12: 


case 


13 : 


case 


14: 


case 


15: 


case 


16: 


case 


17: 


default: 



rc 

to' 
z6 

to" 
to' 
to* 
to' 
to" 
to' 
to' 
to' 
to" 
to' 
to" 



val- 
>al= 
"val = 
"val= 
"vai= 
■val= 
"val= 
>al== 
_val= 
"val» 
"val« 
'val= 
■vai= 
vai= 
■val« 



IFcon. to_nuiaf DIa] ; 
ACTvar riFcon.'to_nuarDIa] ] ; 
CLOSEvarf IFcon. to^numf DIa] ] ; 
QCLOSEvarflFccn. to_nuin(DIal ] 
DEFvarf IFcon. to_nuffif DIa] ] ; ' 



COvar r IFcon . ro_nuin f DIa 
Clvar ( IFcon . t o_num f DIa 
I Ovar f IFcon . t o^num f DIa 
I ivar [ IFcon . to^num f DIa 
TO var f IFcon . ro_nu2a f DIa 
Tlvar ( IFcon . to_niim f DIa 
AOvar ( IFcon • to_niia ( DIa ' 
Alvar f IFcon . to_nua [ DIa " 
XO var [ IFcon . to_nim f DIa 
_ Xlvar { IFcon . to_niia ( DIa 

to_val= _8varf IFcon. to nimfDIa' 
to_val= _4 var f IFcon. to^nuaf DIa" 
to_vai« _2varf IFcon. to nua(DIa 
err(ERR_XMENUACT,217) 



switch ( IFcon • type [ DIa ] ) 



case 


1: 




val« 


case 


2: 




val- 


case 


3: 




val- 


case 


4 : 




val« 


case 


5: 




val= 


case 


6: 




val= 


case 


7: 




val= 


case 


8: 




val« 


case 


9: 




val= 


case 


10 




val« 


case 


11 




val- 


case 


12 




val- 


case 


13 


• 


val« 


case 


14 




val= 


case 


15 




val- 


case 


16 




val» 


case 


17 




val« 


default 




err (i 



ACTvar[ IFcon. nuar Dial ] ; 
CMSEvarf IFcon. nun r DIa] ] 
QCLOSEvar [ IFcon . nui [ DIa ] ] 
DEFvar ( IFcon . num ( DIa J " 
covar [ IFcon . nua [ DIa ] 
Clvar [ IFcon . num [ DIa 3 
I Ovar [ IFcon . nua [ DIa ] 
IlvarflFcon.nuaf DIa] '' 
TOvar r IFcon . nua f DIa ] ' 
Tlvar ( IFcon . nua c DIa ] 
AOvar f IFcon * nua f DIa ] ' 



Xlvar [ IFcon . nxia C DIa ] 
_8 var C I Fcon . nua [ DIa ] 
_4 var ( IFcon • nua [ DIa ] 
_2varf IFcon. nua f DIa] 



switch ( IFcon . compare [ DIa ] ) 



( 

case 
case 
case 
case 
case 
case 



0: if (vallate val) 

1: if (vai«»to"val) 

2: if (val>»t:o_val) 

3: if (val<«to_val) 

4: if (val> to_val) 

5: if (val< to_val) 



default : err ( EER_XMENUACT .220) 
DIa-M- ; 

) 

break ; 
default: 

err(ERR_XMEmJACT.216) ; 
break ; 

) 



DIretum- 
DIreturn* 
DIretum=» 
DI return- 
DIreturn- 
DIreturn= 



0; 
0; 
0; 
0; 
o; 
0; 



break; 
break; 
break; 
break; 
break; 
break; 
break; 



return (DIretum) ; 

I 



break; 
breaks- 
break; 
break; 
break; 
break ; 
break; 
break; 
break ; 
break; 
break; 
break; 
break ; 
break; 
break; 
break; 
break ; 
break ; 
break ; 



break; 
break; 
break; 
break ; 
break ; 
break; 
break ; 
break; 
break; 
break ; 
break; 
break ; 
break ; 
break; 
break; 
break; 
break; 
break; 
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XMSEIACT.C 

Funrions frr nenu seieccron acrions 



voxd DaAcr2Mvar<) 

{ 

COUNT DMa ; 

far (DMa«=o; DMa<MselAcr . niiraOMvar ; DMa-M-) 

{ 

DMvar= MselAcr-A DMvarf DMal ; 
DoDMvart ) ; 
CheckAcr ionVar ( ) ; 

) 



void DoActir DMvarO 

( 

COUNT DMa r 

for (DMa«o; DMa<MseiAcr .niiair DMvar; DMa-M-) 

{ 

IF_DMvar« MselAct.A^IF DMvar f DMa ] ; 
OoIF DMvar () ; 
CiiecKAccxonVarO ; 

) 



void DoAcroMvar2 ( ) 
COUNT DMa ; 

for (DMa-O; DMa<MselAcr.n;2iBOMvar2 ; DMa-M-) 

{ 

DMvar= MselAct • A_DMvar2 [ DMa ] ; 
DoDMvar ( ) ; 
ChecXAcrionVarO ; 

) 

} 



void DoActir DMvar2() 

{ 

COUNT DMa ; 

fcr CDMa^O; DMa<MseiAcr.numIF DMvar2 ; DMa-t-p) 

{ 

IF^DMvar- MseiAcr.A IF DMvar2rDMal ; 
DoIF DMvar ( ) ; " " 

cnecicAcrionVarO ; 

) 



void DoActlFparx ( ) 

( 

COUNT DMa , DMto ; 

for (DMa«0; DMa<MselAcr.nxmIFparr ; DMa-t-t-) 

IFcon« MselAct. A_IFparTf DMa ] ; 
if (DoIFconO) 

{ 

If (IFparrNoACTour«=l) errfERR XKSELACT. llll) ; 
IFparcNoACTour^' l; 
T_addedw O; 
initT isaa ( ) ; 

svitcE(WhereAinl) Appendix Page C-21 
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{ 

case IS_INTERIOR: DoiFparrinterior ( ) ; break; 

curOor«= -1; 
DMa= 3 0000; 

} 

} 

) 



void DolFpartlnteriorO 

( . 

I item . nuinber= curltem ; 
I item . orddese ordltem r 

I item . Uvar [ I_lAss-hXiACONCUR ] = Alvar f xlACONCUR 1 

I Item . Uvar [ I.lAss+xlACONDES 1 = Alvar f xlACONDES ] 

Iitem.Uvar[I_OAss^-xOATRANSX1= AOvar f xOATRANSXl 

I item . Uvar [ I_OAss+xO ATKANSY ] = AOvar f xOATRANS V ] 

litem. Uvar [ I_0Ass-i-x0ATRANS2 } = AOvar f xOATRANSZ ] 

litem. Uvar [I_OAss-*-xOANODRAW]« AOvar [XOANODRAW] 

litem. Uvar [I_OAss-^xOALTGZO]= AOvar [xOALTGEO] ; 
IX (Iitem.numtoer>l) 

litem. deietable= 1; 
T_isam.deletabie» 1; 

} 

I It em . Manu_Line [ 0 ] » Manu Line r 0 ] ; 
Iitem.Manu_LineCl)= Manu_U.ne[l] ; 

strcpy (litem.part, &MselAct.A_partriFcon. result] [0] ) 

*_isam. number* curltem; ^ t j / 

T_isam. orddes« ordltem; 

Tisam. concur* Alvar ( xlACONCUR] ; 

T isam. condes= Alvar f xlACONDES] ; 

T isam. nodrav« AOvar ( xOANODRAW] ; 

T_isam.aitgeo« AOvar [xOALTGEO] ; 

Tisam. height [3 ]=» AOvar f xOATRANSY 1 ; 

IntPhysicalIn{NEW) ; 

curltemt-h ? 

) 

void DoActlFgoto ( ) 
COUNT DMa ; 

for (DMa-O; DMa<MselAct.numIFgoto; DMa-h+) 

IFcon= MselAct.A IFgotofDMal; 
If (DoIFconO) - ' ^ J 

NextMenu= iFcon . result ; 
DMa«= 3000; 

) 

} 

) 

void CheckSelectAct( COUNT Msel) 
if (SU(Msel,i)>0) 

SetMselAct(SU(Msel,l).i) ; 
DoActDMvarO ; 
DoActIF_DMvar() ; 
DoActlFpart ( ) ; 

DoActDMvar2 ( ) ; ^ rv ^ -.-^ 
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DoAcrI?_DMvar2 f ) ; 
OoAcrlFaoto ( ) ; 
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irions perraining to ireas 



* / 
•/ 



rzid Aiilrenf COUNT Whatin) 

if r : r = a r- N o ACT our == O ) e ( ERR_X ITEX . 7 ' 
r~par-:;cACTour« o; 
svizrr. ? WhereAmI ) 



•7) ; 



case 



l5_INTERX0R 

0 ; 
(Aa 



■Or 
(Aa^O; 
(Aa«0; 
(Aa=0; 
fAa«0; 
(Aa«0; 
(Aa-O; 
f Aa«0 



Aa<£I 
Aa<£l* 
Aa<El" 
Aa<Zl' 
Aa<El' 
Aa<El' 
Aa<El' 
Aa<El' 



sXlA; Aa-H-) 
'sXOA; Aa-M-) 
sXlI; Aa-t-»-) 
'sXOI; Aa-w-) 
'sXCLOSE; Aa^H-) 
'sX8I*9: Aa-M-) 
'sX4I*5; Aa-*-*-) 
SX2I*3; Aa-#-»-) 



{ litem. UvarfAb]* 
{ litem. UvarfAb1= 
( litem. Uvar(Abi= 
{ litem. UvarfAb1« 
{ litem. UvarfAJbje 
{ litem. LJvar(Ab)« 
( litem. UvarfAto}^ 

( litem. UvarfAbV 



AlvarCAal 
AOvarfAai 
lXvar(Aai 
IOvar(Aai , 
CLOSEvarf Aal 
.Svarf Aai 
_4varCAa3 
_2varf Aa] 



. fO'=:ADDVRECfITEKDAT,&Iitea,I_len) ) errfERR XITEM,146) 
- f 0i='GetT_isam(Iitem.nuiiU3er) ) err (ERR_XITEM7l41) 
_isam.heigiit(0]= litem. Uvarri Sss-i-xSXHEIGHTl ; 
_isam.heiqhtf 1]= litem.Uvarf l38sS'<-x82HEIGHT] ; 
I f 0!»saveT_isamtOID) ) err(ERR XITEK.142); 
r CT_isam.grapnic«»i20) ~ 

initPHf rame i) t 

PHframe, number* T isam. number: 
PHf rame. widths* T_Isam.gW; 
PHframe.heiciit= T_isam.gH; 
if (0!-ADDREC(PHFRAMEDAT.&PHframe)) 
Set5reeVar(); 



Ab+-Kr 
Ab-M-r 
Ab-M-? 
Ab-*-*-? 
AbiH-; 

Ab-HKr 
Ab-M-f 
Ab+-#-; 



err(ERR_XITZM, 143) 



if f litem. nuaber>l«eastxtem) 

{ 

curorddcs- litem. orddes; 

cumumber" litem. number: 

curconcur« litem. UvarCI lAas+xlACOHCrnn ; 

curcondes« I item - Uvar ( I~lAssi-xiACOMDES ] ; 

fcr (Aa«o; Aa<EI_sX8I; Aa-M-) cur8CAa)«= litem.Uvarfl 8ss+{9*Aa) 
for Aa«0? Aa<EI_sX4I; Aa-M-) cur4rAai« litem.Uvarf I~4ss-K(5*Aa 
for (Aa-O; Aa<EI_sX2I; Aa-M-) cur2(Aal- litem. Uvar f l"2ss-i- ( 3 *Aa 
currype- T isam.rype; i^.^mt^j Aa; 

curgraphic^: T isam. graphic: 

i f ^ ( T^xsM. no3raw«-o& &T_isam . height [ 2 ] > 0 ) 

UpdatePHframeFromT isam (NEW, ALL) ; 
Setfielovvar ( ) ; " 
SetsuspVar(O) ; 



] ; 
) ; 



if CT_isam. graphic— 120) 



) 

else 

( 

NewPHframelnserted ( ) ; 

<0|"Getltem(curorddes) ) err(ERR_XITEM. 144) r 
If (OI-GetT_isamrcurorddes) ) err(ERR XITEM,14S) 
if (currype INACTIVE) " 

UpdatelitemCloseVar () ; 

) 

else 

{ 

litem. deletable-f* i; 
T_isam.deletable-»— l; 
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ill Aa<£l_sX8I; Aa^> descSfAal" li-ea.L'varfl assi- f o*Aa \ i . 

irr=ir=cnQis<"-^''^ ■ desr2.:Aal= litem. Uvar(Oss* (3*Ja! { i 

r=r fAa«0: Aa<£i_sX8I; Aa-M-i 

--taa.Uvarf I_ass-i-(9*Aaii-cur==r.aes 1= cursrAa); 

-f f curcsndescS) 

far fAa-0; Aa<El_sX41; Aa-e+) 

^ -itea.uvarri_4ss+f 5*Aai+cur=snaes}= cur4rAal; 
i f { curconoes < 3 ) 



1 



far (Aa-O; Aa<ZI sX2I; Aa-w) 

r^^ea.UvarrI_2ss■^f 3*Aa»-Kcur=sndes)= curzrAal; 
j_isaa.neigarrcurccndea-l]= curSfO]; 

f°;=2etItemrcumtinDer) ) err rESR_XITI31. 148) ; 
If (c'^Sdi^<9r*^'^^^'^" err(EHR_XITEX.149) ; 

for (Aa-O; Aa<EI_sX8I; Aai-r) 



^il^'t ^tX^li f-^^=* ' 5 *Aa ) .^curcsncur ! = desrs r Aa ) 
8var( (9*Aa)■^cu=•csncur)= descSfAa) ; 



) 

if ^ (curcancur«:5) 



for (Aa-O: Aa<El_sX4I; Aan-i.) 

_4var [ ( 5 *Aa ) t-curconcur ] = dest4 ( Aa ] ; " 

) 

if (cxirconcTJTO) 

( 

far fAa-o? Aa<El_sX21; Aat-t-> 

_2var( (3*Aa)+curcancurj= Qesc2CAa) ; 
T_isam.heigiir{cureoncur-l]= desrs [O] ; 

i£ (0--RHTVIU.C(ITSKDAT,iIitea.I_len)) err(ERR_xiTEH. 151) ; 
else 

{ 

RL«iS^"?fT"™"'^'*"' ^ errfERR_XITZII.152) ; 

sltBSiSvSrff"*'""^'*''^^' ' err(El«_XITEM,801) ; 
SetSuspVart 1) ; 
Setf reeVar ( ; ; 

) 

J 

iniriitBiaO ; 
breax; 
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/cid Ir.rPhysicaiinf COUNT Nevoid) 

* ^^"f^i insezxicn of an inrerior irem: called f~n iFn;,'^ 

XMSZI^.._ ana vnen leading an old inrerior darabasl. ° 

ir.verr01d= O; 
invercNewa o ; 
3aseDirCcni= 0 ; 

'SiH^^^ffpM^^^^-^^"' ' errfERR_XITEM.80) ; 
— , Detoug«2 ) NevODrWeed( ) ; ' 

Si -s^i*cpy (X_isaiii.usaGeo , part, avq2 3)» , ^ / 

? T.isam. ussGeo , parr . dvg3 I2) ; 
.^.sam.grapnic- parr.oraohic; 
..isam.fi»arr- parr . f ixbarr ; 




r_isaa.gH= parr.gH; 
r_^isaa.oo» Darr.aO; 

-^-^ ''^_isatt.grapiiic««i20) 

nSm!l?;Se""^^"^" T. isam. number: 

if f^.isam.graphioilss&T isam.grapiiic<l23l t isan rrw- = 
if ^ (Newoid—KEW) 

if ^ (T_isam.rype«» ACTIVE ) 

inverroid- ordltea; 
inverrNev- litem. number; 
ordltea* litem. number? 

) 



ef.i'Mi:gS?Sifi-JJ;7"-'""«t'')-V2) B„.Dirconl= 2700, 



( 



) 

else 

( 



^fsi^ISi^ESl^f^^ Baseoirconl^ ISOO; 

n^^Z 2!°*''®""f^^^^=-Uvar[i"iAss*xiAC0Nro^ 

nf r 2" • f litem. Uvar f I"1AsI*xIacomcS "i ' yII? t^«^ * ^var f I_oass*xOATRAN 

?r . -^^"e^Tf lirem. uvarf l"lAss^xlACONam -i ' 7 ? t^®** Uvar r 1^0 Ass*xoatra;i 
If ^ ( litem. number>LeastXtem) - -1] • 2- litem. Uvar ^I_OAss-^xOATRAN 

if (0!«SaveT_isamrNEW) ) errfERR yxTrv n'>^ . 
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criE^raae— T_isan. aesr£*raine : 

If rOi=GetGeofT_isam.useGeoi ) err f EHIl_XITSM. 84 ) ; 
flsatpci.xs geo. vecrcrr litem. UvarfI_lAss-»"XlACOKDES 1-1 "i ,xi; 
: -^.oarpci . Y= ceo . vecrcr r lirem. U var : r_lAss-^xiACOKDES 1 - i 1 , Yl ; 
rcriioatBOirt^isam.rsrz^ ; 
asx= f l3arooi.X-!-T isam.iocX; 
asy= fioarr»oi.ir^T*isam«ioc^; 

floatpoi.x= qeo.veccamirem.uvarri lAss-fxiACONDESi-i ] .X2; 
f ioawci . y=« oeo . vecrsrf litem. Uvar f I*lAss-i-xlAC02lbES T - 1 i . Y2 ; 
rcrfioat-oai fT_isam.rct2^ ; " 
afx= fioarDoi.X+T^isam.iocX; 
afy- flaatboi. Y-rT_isam.ioc5f ; 

a2= geo.vecrorf litem. uvar ri^lAss-f-xlACONDES' -11 .Z+T isam.iccZ; 

If (Oi=GerT isamj litem. nuMeri ) err (ERR^XITEM. S5) 

if fT_isam. aest£f raae—O) T isam,dest£f rame« orciEframe: 

) 

else 

{ 

asx= -10; 
asY» 0 ; 
afx= 0; 
afy« 0; 
a2« 0 ; 
) 

rctr ) ; 

ir CT_isaa.numoer:=LeastXteai jNewoid«»NEW) 

i 

T_isam.iocX= locX; 
T_isam.locY« iocY; 
T_isam.ioc2= loc2; 
T_isam.rct2= rotZ; 

} 

else rot2= T^isam.rorZ; 
if (T_isam.grapaici«0) 

DravT_isamfUI}ADD_OK) : 

if CXlvar(xXXErEVATl— 1) DumReer ( iagR , &T isam.agR) ; 
else DupRecr(&aR^&T_isam.gR) ; ' " 

T_isaa.Dravi-ay^ DrawLay; 

BaseOirConl-h- rotZ; 

if (Base0irconi>2700) BaseOirConi— 3600; 
If (BaseDirConKO) BaseDirConl-c- 3600; 

If f Iitea.numner"i) BaseDirConl* laoo; 
litem. dirconi- BascOirConi; 
Dirconone* litem. dirconl: 

f£-=SaveT_isamfNEff) ) err(ERR XITZH,86) ; 
if (T_isam.dest£frame««0) ~ 
{ 

^£-.i?'"^^^^-^^**'^^^^-°^«icies) ) err(ESR XITEM,87); 

oraEframe- T^isam.descEf rame; ~ 

if ^ (Oi»GetT_Isam(Iitem.nxiinoer) ) err(EER XITEM,88) ; 

T^isam.destEfraae- ordEframc; 

if (Ol«SaveT_isam(OZ*D) ) err(ERR_xrrEH,89) ; 

ciirEframe- T^isam.descEframcr 

if (NewOld— NEW) 

{ 

if ( invercoid> o ) 

{ 

if fOl«GetT_isamtinverroid) ) err (ERR XITEM, 90) ; 

DrawT_isamrUD_ON) ; ~ 

if CO! ■GetT_isam i inverts ew ) ) err ( ERR_XXTEH .91); 
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f I inver-cwew>i ) DrawT_isain (UD_H1GHL) ; 
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Junrxons fcr r.andling rhe mserxrcn of an Interior sxao-assexatoly 
mro a clusrer assemnlv desian darabase. 



raid i.=adciuiienu_lnreri=r; COUNT NorS) 
f=r fLa=3001. La<4000; La-»-i-) 
If (0=«GetCr:La, 'A' -, 0) ) 

curSvre* ChecicAddTcInterMenu ( curSvte , NorS , 0) ; 

) 

else JLa=s 30000; 

If (nuaiPhvsSel«-«AXS2:L-2) La» 30000; 



COUNT cnecicAddToInterttenu( COUNT curByre, COUNT NorS, COUNT doall) 

if (0!=GetT_isaiafordItBm) ) errCERR^XCLU T, 200) ; 
fxl= T_isaia.iocX; 
fyi« T^isam.iocY; 
fror2= T_isaa.r3r2; 
fh* T^isam.aH.* 
If (NorS=»WAU:S7RIP) 
( 

frarz+» 900; 

if (frot2>2700) frsrz— 3S00; 
swirciKfrorZ) 



) 



( 

case 0: 
case 900: 
case IS 00: 
case 2700: 
def auir: 
) 



facl— 48: fyi+- 0.25; tareaJc; 

fyl— 48; fxl— 0.25; breaic; 

f:cl+- 48; fyl— t 0.25; breaic; 

fyl*» 48; fxn— 0-25; breaJc; 
errrZHR XCUJ T,241) ; 



else 

{ 

s vircr. i f rsrz ) 

{ 

case 0: 
case 900: 
case ISOO: 
case 2700: 
default: 



) 



) 



fx2« fxl+T_isam.aWr fy2= fvl: 
fx2= fxl; fy2= fyl+T isam.crwr 
fx2» fxl-T_isam.aW; ry2= fyl; 
fx2= fxl; fy2- fyl-T isaa.gw; 
err(EHR_XCU; T,201); " 



breaic; 
breaic; 
breaX; 
breaic; 



T_IarrfCal" 0; 
T_Uarr(Ca]» O; 



for (Ca«o; Ca<5; Ca+-f-) 
for (Ca»0; Ca<10; Ca-*-»-) 
rer*^ curSyte: 
isleqal« 0: 

for (Ca»l; ca<«cibase-n;iacipoi; Q^^) 

if (0!»GetCIfCIbase.CInum.CIbase.rev,Ca) ) errfEiai XCIU_T,223) ; 

cpybuf t &PHf rame. used r (Ca-1 ) /7 ] [ ll* ( ca-1- ( 7 ♦ ( ( Ca-I) /7 ) ) ) ] , &CIpox. 2.11) 

for (Ca«l; ca<«cibase.nuaciDoi; Ca-*-*-) 
{ 

cpybuf f&Clpoi. 2. &PHf rame. used f CCa-l)/7] [11*( Ca-i-(7*( (Ca-l)/7) ) ) ] ,11) 
if (CIpoi.z<«fli) 
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-Ix= CIsoi.xi; 
-Iy= CIsoi.vl; 

— w*.Z<0) crcr2-f= 3600; 

i:.3arpci.Ys fyi; 
rcrf icarBoi { cr3r2^ ; 
==:ovex= Clx-ficarcci.x; 

Cly.fioarpoa. Y; 

if rdoall) 

if ^ (i=Doeslni:errit=lusrer(c=ovex,c=ove^.cr=r2) ) 
floarnoi.x= CZx: 
floacooi.Ys civ; 
irorz= 3 600-cr3r2; 
i:£^if"^2>=3600) irorz— 3600; 

rorfioacBoifirarz) ; 
ilocx= fxi-floarooi x- 

If (numPhysSel>((MAXGLOaAl^ri.*4,/io,-2) Ca- 20000- 

> 

else 

{ 

If ^ fl~Doeslnl:er5itClusrer(caoveX,c=ovevr.cror2) ) 
Ca» 3 0000; 
Cb- 0; 

) 

) 

if ^ ( CbtiNorS 1 -WALLSTRIP) 

floarpoi.x= fx2; 
floarpoi.ys fy2; 
rortioarpoi ( crorz ) ; 

( 

If ^ .( l-Doeslnt«Fitciusrer , cnovex , caove^ , crotz ) ) 

floarpoi.x= cix: 
tloacpoi.ya Cly; 
irot2= 3 600-cror2; 

ilocx- fyz-fioarpoi.y; 

SySSf {t||S-J?£f"*"««^»hysSel) .iiiocx,4) ; 

nSiPhysSel^: ^ f2.o*T«iaPhysSel)+8] ,&iror2;2) ; 

if {nu»Physs4l>((„AXGLOBAl^SX,*,,/10,.2) Ca- 20000; 

else 

if f^-^oeslnl..rFitClu.rer(c=:ovex,c»ovey,cr=r2), ca- 30000; 
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SelByxef numPhysSel ]= rer: 

ccycuf f iinenu, var r rer 1 , T_Iarr. 10^ ; rer-t-e ic; 
crycur f &menu. varf rsr i ,T_Uarr.lO) ; rer-»"« iC; 

sprinrr*'s, "%3d%c %s" , Clbase. cinun-3 000 . ciiase. rev, cibase. name j ; 
ir (sf 01 = ' ' ) s[01= ' 0' ; 

If fsrii=»' s(l]= '0'; 
sri5}= '\0'; 

cpyouf r^menu.varf ran ,s, 15) ; 
ret-»— 20; 

) 

rerurr.tret) ; 

i 



COUNT noesXnrerFirCiusT:er(floar csoveX, floar cnoveY, COTOT cracZ) 
COUNT Ca, 0=, 
rec; 

for (Ca«i; Ca<«citoase*numCIpoi; Ca+i-) 

( 

c|^uf f&cipoi.z.&PHfraae.usedr (Ca^l)/?] Ca-i- (7* ( (Ca-l) /7) ) ) ] , 11) ; 

Cto« ACTIVE; 
inirrarg ( } ; 
cnybuf rrarg,&cb.2) ; 

If ^ { O—FRSSET rT.ISAMTYP , TFHHKEY (T^ISAMTYP . targ) , &T_isam, 2 ) ) 

if ^ (T_isam.grapriic=»loi| |T_isaa.crapnic=»l02 | !T_isam.grapiiic=^i08) 

match= T_isamcIpoirit ^ caovex , csDve^ , crsrz ) ; 
while (matcii«»O&40— NXTSZT(T_ISAMTYP,&T_isajnn 

if ^ fT^isaa.graprxic— 1011 lT_isatt.graphic«i02 I lT_isam-grapnic«LOS) 
3accii= T^isamcipaifitrcaoveX.cziove^.crorZ) ; 

) 

) 

if (narcn^-O) ca» 3 0000; 
) 

if (Ca— 30001) ret= o; 
else ret« 1; 
rerumtret) ; 

} 



COUNT T_isaiflCIpoxrit(^loar cacjveX, floar caoveY. COUNT crorZ) 

COUNT rer , 

f roM . 

ror2 ; 
floar fxl. 

fx2, 

fyi. 

fy2; 
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rer= o : 

ir —Ipci. 2<=T_isam.gH) 

fioacpQi.x= T_isam.locX; 
-loarpoi.y= T_isam. locVr ; 
(T_isam.graphicMi08) 

frcr2= T_isam.ror2+900 ; 

If (fror2>2700) £rot:2-= 3600; 

svitcn(irot2) 

I 

floarpoi.X-= 48; floarDoi,Y+« 0.25; break- 

case 18 00: f ioarpoi . X-h- 48; floatDoi.y— 0.25,' break- 
case 2700: floarpoi.Y-- 48; floarpoi.X+« o if SreaJ' 
default: err (ERR_XCLU_T.251) ; oreax, 

) 

rorfloarpoi (crotZ) ; 
txX= floatpoi.x+cmoveX; 
fyl= fioarpoi.y+caoveY ; 
rot2= T_isain. rorz+crorz ; 
if Crot2>=3600) rot2-« 3600; 

f ret«o&&T_isain.grapiiic!«108) ' 

switch (rot:2) 

{ 

case 0: fx2« fXl+T isam.gW; fy2« fyl; break-. 

case 900: fx2« fxl; "fy2= fyl+T isamfgW Sreak- 

case IBDO: fx2- fxl-T isaa.gW; ?y2- fyl break- 

case 2700: fx2« fxl; "fy2- fyl-T isam.gW brlak^ 

default: err(ERR.xcLU.T.202) ; ' ^ ' SreakJ 

if (fabs(CIpoi.xl-fx2)<FT0L&&fabs(CIpoi.yi-fy2)<rT0L) ret= 3 

) 

return (ret) ; 

} 

void CluMenu_InteriorAction( COUNT Snum. COUNT Mnua) 
COUNT Ca ; 

if ^ (Snuiii<nuaPhysSel-l) 
initcitemo; 

Ca« at 0 i ( inenu . var [ 3 4 + ( 4 O *sniia )+20l)+3000; 

Citem*Dart(0"i« 
T_added» o; 
IFpartNoACTouts 1; 
initT isaao ; 
T_isaE.DBAin» Ca; 

T isam.DBAinrev- menu.varr34+(40*Snuin)+23l ; 
T isaa.type* TYFE.INTERIOR; nuin;-^^-jj, 
T isaffi.graphic» graphic^XNTZRIOR; 
If (Mnum— -2) SetTisaffiXnteriorXnfo(Ca, NORTH) ; 
oifo c£U^""*V^> SetT.isamlnteriorlnfo (Ca, SOUTH) ; 
else SetT isamlnteriorInfo(Ca,WALLSTRIP) 
DoIFpartcIustet (INTERIOR) ; 



CUrODt» -1; 

Addltem( INTERIOR) ; 
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void SetT_isamInt:ericrInforcoUKT Inun. COUNT NorS) 

sa, Sb. sc, rz. ZZ2: 
scrucz r isain_as ST isaa; 
cnar * " chT 

-^°ar ix, ly, 1x2, ly2; 

cpybuf r&ST_isam,&T_isam.T_ISAMRECLEN) ; 

ir rO'^GetCirinum, 'A' ,0) ) err (ERR XCUJ T,206); 

niamPhysSel= O; - - ' ' 

ChecjcAddTsIncerMenu ( 100 , NorS , 1 ) ; 
cpybuf f ST^isaa, tST_isam.T ISAMRECLSN) ; 
if (nuittPAyssei-«0) err (ERR^XCLU 208 ) ; 
for (Sa»o; Sa<numPhyssei ; Sa^-*-)* 

cpybuf f&lx.&SSet.var[Sa*iO] ,4) ; 
cpybuf r&ly.isset.varf (Sa*10)^-4 ] , 4) ; 
cpybuf f&rz, fiSSet.varf CSa*iO)+8 ] ,2) ; 
for CSb-Sa+l; Sb<numPhysSel ; Sb-*-*-) 

cpybuf f&lx2,&SSet.varfSb*101 ,4) ; 

cpyDuf r&ly2,&SSer.var[ (Sb*l6)+4l ,4) ; 

cpybuf r&r22.&SSet:.var( (Sb*l0)-i-8i ,2) ; 

If ^ ( f abs ( lx-ix2 ) <FTOL&&f abs ( ly-iy2 ) <rT0I*&&r2«-r22 ) 

for (Sc»Sb; Sc<numPhysSel-l; Sc-tn-) 

cpybuf f&sset.var[Sc*lO] ,&SSet.var[ (Sc+l) *101 ,4) ; 
cpybuf fiSSet.varf CSc*10)-k4 l , fisset. varf ( (Sc+l) ♦10)+41 ,4) 
cpybuf ( &sser. var[ (Sc»lO) +8 ] , &sset: . var ( C (Sc-hi) *io) +e ] ; 2) 

nxmPhysSel— : 

) 

) 

) 

Sa- 0; 

if (nuiaPhysSel—i) 

TempOravT^isaaXnterior (Sa , UDADD_ON) ; 

else 

{ 

GetPenstaref&pStare) ; 
ProtecrRecrr&niR) ; 
BacJcCoior(CoMaueB) ; 
PenColorrcoMcnieF) ; 
MoveTo(5,nrexry* (2) ) ; 

Dravsrring("<sPACE> to cycle rhru iocs") ; 

MoveTo (5 , ntexTY* C 3 ) ) ; 

Drawstring ("<RirrURN> to accent"); 

ProtectcffO; 

SetPenState( instate) ; 
cb« 0; 

TeanOrawT_isaiiiXnterior(Sa,UDADD ON) ; 
while (cbi =13) - ' 

{ 

ch« oetchf) ; 
if (cn—32) 

( 

TempOravT^isaminteriorrSa.UD orp) ; 
If (SacnuaPtiysSel-i) Sa-»-i-r " 
else Saai O; 
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TeinpOrawT_isanXiit:erior(Sa.UDADD ON) ; 
) ~ 

\ 
! 

) 

cpybuf (&Citem.GtaleNrO] , &T_isam. iocX , 4 ) ; 
cpybuf ( SCirem . GtileNf 4 ] , &T_isaia. ioc^ , 4 ) ; 
=?yr>uir&Citein.Gt:ilesr3] isam.roT:2,2) ; 



void TempDrawT_isa2nInt:erior( COUNT num, COUNT node) 

cpytouf (&T_isam.iocX, &SSet. varfnuin*10] , 4) ; 
cpybuf r&T_isaiii.locY,&sset,var{ (num*10)+4] ,4) ; 
cpybuf f iT^isam.rorSp&SSet.varf (nuffi*X0)+8] ,2) : 
DrawT_isani(iiiode) ; 

) 
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— ..sn-zero aczicr* variaiaies. 



** I^^^^5"fr*^5""^ called f~a XMENU.C vhen ACTvarf xACTHIGH- >o in o-der 
f=r T:Da=orDa<foT"a^^ 1XVERT01-1XVZIIT3 0 ro be ser r=r ^enu ioSc!'"'' 



aaxvroalts O; 
defVrDai= O; 



isam(cur£f raffle) ) err (E5iR_XINT_ACT. 20) 



if fO!«Get: 
SetPHadT () 
SetVOf ) ; 
Set:Vl_6 ( ) ; 
SetV5_6 ( ) ; 
SetV7_S () ; 
SetV9_10 29 () 
SetVll_12 () 
SetV13_14 () 
SetV15_lSn 
SetV17_13 f ) 
SerV19_2 0 f ) , 

If fACrvarf XACTHIGH1>1) 

{ 

XlvarrxiXVEHTOlls: defvro"!; 
XlvarrxiXVEIlT02i= defvfli ; 
XlvarrxiXVERT03i= defVf2]; 
XlvarfxlXVZRT04io defvf31; 
XlvarfxlXVERT05i« defVf4T; 
Xlvar(xlXVEET06l- defVfsi ; 
Xlvar(xixvERT07i= defvfei; 
Xlvar(xiXVZRT08l« defVf71 ; 
XXvarr xiXVERT09i« defVrsi; 
XlvarrxlXVERTloi* dervrsi r 
Xlvar(xiXVrRTllU defVflOl; 
Xlvarf xiXVERT12i= defVfin; 
Xlvar f X1XVERT13 T= defVf 12 1 i 
XlvarfxlXVTRTliU defvfl3i; 
Xlvar fxiXVZRT15::= defVri4i; 

else 

( 



Xlvar fxlXVTRTOl 
Xlvar f X1XVERT02 
Xlvar fxlXVEHT03 
Xlvar f X1XVERT04 
Xlvar fxlXVERTOS 
Xlvar fxiXVrKTOe 
Xlvar f X1XVERT07 
Xlvar fxiXVERTOa 
Xlvar ( X1XVERT09 
Xlvar fxlXVERTlO . 
Xlvar f xlXVERTll 1 
Xlvar f xlXVrRT12 1 
Xlvar f X1XVERT13 i 
Xlvar(xlXVERT14^. 
Xlvar ( X1XVERT15 i 
) 



maxVrOT ; 
maxvf 1] ; 
maxvf 2] ; 
maxvf 31 ; 
naxVf 4 ) ; 
maxvf 5] ; 
maxVfe] ; 
maxvf 7] ; 
maxvf 8] ; 
maxvf 9] ; 
maxvf 10] ; 
maxvf 11] i 
maxvf 121 ; 
maxvf 13 j ; 
maxvf 14 ] ; 



Xlvar f 
Xlvar f 
Xlvar ( 
Xlvar f 
Xlvar f 
Xlvar f 
Xlvar f 
Xlvar f 
Xlvar { 
Xlvarf 
Xlvar f 
Xlvarf 
Xlvarf 
Xlvarf 



xlXVrHT161« 
X1XVZRT17 i = 
XIXVTRTIS 1= 
XlXVERTlSi- 

xxxvniT2oi = 

XlXVERT2lj = 
XXXVZRT221 = 
XXXVEJIT231 = 
XXXVERT24i = 
xXXVZRT25i = 
XlXVERT26ia 
X1XVERT27 1 = 
X1XVZRT281= 
X1XVZRT29 ]= 



Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvar ( 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 
Xlvarf 



XlXVERTlSl' 
X1XVERT17 1 i 
XlXVZRTlSl: 
X1XVZRT19 1 
XXXVZRT20V 

xixvroT2ii= 

X1XVERT221= 
X1XVERT23 1S 
XlXVrRT2 4i- 
XlXVERT25i- 
X1XVERT2 6 i ■ 
X1XVERT271= 
XlXVraT28ia 
XlXVERT29i= 



defvrisi ; 
defVf 16] ; 
defVf 171 ; 
defVf 181 ; 
dcfVf 19] ; 
defVf 201 ? 
defVf211 ; 
defvr221 ; 
defvr231 ; 
detVf 241 ? 
defVf2S1 ; 
defVf 2Si ; 
defVf 271 ; 
defVf 28 1 ; 



raaxvnsi ; 
maxvf 161 : 
maxvf 171 7 
maxvf 181 ? 
maxvri9i t 
maxvr201 • 
maxvf 211 ; 
maxvf 221 ? 
maxvr231 ; 
maxvf 24 1 ; 
maxvf 251 ? 
maxvf 261 ; 
maxvf 271 ; 
maxVi2Sl ; 
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void SetPHacrossrcoONT nuo) 

f£i=GetPHfrane(nuin) ) err(ERR XINT ACT, 25 
initPHacross ( ) ; - - 

UpdarePHacross ( ) ; 



void mitPHacross () 

{ 

COUNT la; 

fcr (la=0; Ia<86; Ia++) PHacross f la ] «= 127; 



void UpdarePHacross ( ) 

COUNT Sa, Sb; 

for (Sa«0; Sa<86; Sa-H+) 

{ 

If ^ (Sa<PHframe. height) 

for (Sb«0; Sb<PHfraine. width; Sb-HK) 

If (PHacrossfSai>PHfraae.usedfSb1 rSal ) 
^ PHacross[Sa]=: PHframe.usedfSb] [Sa] ; 

else PHacrossfSal- O; 

) 

) 

unsigned char MxV^PHacross (unsigned char inval) 

COUNT ma, mb, me: 

unsigned char curV. oaxV: 
BiaxV" 0; 
curv= 0; 

inb« Xlvar[xlXDlTEM] ; 
for (ina«6; 2&a<a6; ma-t-*) 

mc* PHacross { ma ) ; 
if ( ac>— mb ) curV-H-H / 
else curV= o ; 

if (curV>maxV) maxV« curV; 

rlri^iTmai^ cpybuf (fiPHdigfO] .^HacrossfO] .86) ; 

) 

unsigned char de fV_PHa cross ( ) 

COUNT ffia, ab, mc; 

unsxgned char defV; 
defV- 1; 

mb« XlvarCxlXDITEMl ; 

for (ma.ACTvar[XACTHlGH]-l; aa>ACTvarf xACTHIGHJ-l-XlvarCxlXHlTEH) ; ma-) 
mc- PHacross [ ma ) ; 
if (ma<6 I |mc<mb) 

defV« 0; 
break; 

) 

) 

return (defV) ; 
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void SecVO ( ) 

5et:PHacrrss(PHad1 f .r.uriDeri ; 
3a5cvro:= maxv FHacrcssrO); 
clefvro]= defV~PHacr=ss( ; ; 



void Service () 

switch f PHad^ [ 0 ] . vidt^• 5 



SPHacressf 0] ,86) ; 



case 24: =:axvri]= maxvroi ; aefvm= defVroi? 

if rxivarf xxxblGTYPl— 2) cpyour (&FHdig(Oi , &?Hacrossroi 86^- 
break; ' . j ^ / ' 

case 30: 3axVr2T= maxvroi : defVr21= defvro]; 

if rxlvarfxIXDIGTYPi — 3) cpyfiuf f fiPHdigt 0 ] , iPHacross f 0 1 , 86) • 
case 35: Mxvr31= maxvroi; defvr3 1= defVroi ; 

if CXlvarfxlXDIGTVPI— 4) cpycuf f &PHdig[0] , &?Hacrcssr 01 , 86) ; 

breaic; • • ' 

case 42: =iaxvr4 1= maxvroi ; defvr4i= defvroi; 

if fXlvarfxlXDICTYPl'— 5) csyouf f &PHdxg[0] 

SetPHacrcssflRrPHadT [OT •numoer, 22) ; 

aaxvr211= maxV_PHacross(21) ; 

dafVf2n= defV_PHacross () ; 

SatPHacrcssMLfPHad-j (01. ntiaoer . 32 ) ; 

iiiaxvr22T= niaxV_PHacrossr22) ; 

defvr22]= defV PHacross(); 

breaJc: " 
case 48: naxV[5]= maxvro]; defvrsi^ 

maxvr6]=» maxVfO]? defVfsl' 

if (XlvarfxlXDICrrPI— 6 1 iXlvarfxiXDIGTYPI- 
cpybuff fiPHdigCO] ,&PHacrossfOj, 86) ; 
SatPHacrassMR (PHad j [ 0 ] . nxisuaer .22) ; 
maxV[231= maxV_PHacross(23) ; 
dafvr 23 ] = defV_PHacross ( ) ; 
SetPHacrossMI.f PHadj ( 0 ] . numn&r . 32 ) ; 
maxvr24 1= max V_PHacross ( 2 4 ) ; 
defvr24}= defV_PHacross() ; 
breaic; 

defauir: err ( sai_xr:rr ACT, 32) ; 
breaic; " 



defVrO] 
defVfO] 



void SetVS_6() 
COUNT Sa; 

if ^ CPHadjCO] .widtti— 24) 

for (Sa-l; Sa<nunPHadj : s^^) 

if fPHad-j[Sal ,left=«=i&aPHadj(Sal.crriioa=r-o&& 
PHadj [Sa] .dis^_iafr=»-24&&PHad3 (Sal . vidtft=«24) 

HangKarcnf5,0,Sa.o,0) ; 
Hangttarca(23,2,Sa,0,0) ; 

else if fPHadj (Sal . left»2&fiPHadj [SaKorrhoo— 0&& 
PHadi (Sa) .disr_left««24 4iPHad3 (Sal ^-ridth=^24) 
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HangMatch C 6 , o , Sa , 0 , 0 ) ; 
HangMatchC24 , 1,5a, 0, 0) ; 



void SetV7_8 ( ) 

( 

COUNT Sa; 

if (PHadj [0] .width==24) 

for (Sa«l; £a<nuinPHadj ; Sa-h-h) 



if (PHadj [Sa] .left=»i&&?Hadj [Sal • orrhoo«:=o&& 
PHadj [Sa] -dist_left««-3 6ii&PHadj [Sa] . width==3 6) 



HangMatch(7,o,Sa,0,0) ; 
HangMat:cii<25,2,Sa,0,0) ; 



^^PH.HS r<i!?^5^ rsa] .left--2&&PHadj [Sa] .on:hog=«o&i 
PHad3 [Sa] .dist_left===24&&PHadj [Sa] .widl:h=-36) 

HangMatch (8, 0,Sa,0, 0) ; 
^ HangMatch(26,l,Sa,0,0) ; 

) 

) 

else if (PHadj [0] .width~36) 
for (Sa»l; Sa<numPHadj ; Sa-M-) 

^^«I^5*?^ [Sa] .left—i&aPHadj [Sa] . orrhog»=o&& 
PHad3 [Saj .dist_left=— 24&&PHadj [Sa] -width^-aA) 

HangMat:ch(7,0,Sa,0,0> ; 
HangMatch(25,2,Sa,0,0) ; 

^^ILdf rl!?^H^ ^f^} • Je"— 2&&PHadj rsa) . on:hog«o« 
PHad3 [Sa] .dist_lefi:«»36&&PHadj [Sa] .widt:h=24) 

HangMatch(8, 0,Sa, 0,0) ; 
HangMatch(26,X,Sa,0,0) ; 

) 

) 

else if (PHadj [0] .vidth««30) 
for (Sa-l; Sa<nujaPHad j ; Sa-M-) 

"^^HrS^fiif^h^f [Sa] .on:hog~o&& 

PHadi [Sa] .dast_left— 3 0&&PHadj (Sa) .width— 30) 

HangMatch(7,o,Sa,0,0) ; 
HangMatch{25,2,Sa,0,0) ; 

®HS-Hri^?^?^ [Sa] .left=2&&PHadj [Sa] .orthoo««o&& 
PHad3 [Sa] .dist_left«30&&PHadj [Sa] . width=^3 0) 



} 

J 



) 



HangMatch ( 8 , 0 , Sa , 0 , 0 ) ; 
HangMatch (2 6 , 1 , Sa , o , O) ; 
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vcid SetV9_lo_29 () 

5i>= Sz- Sd= Se» Sf= Sc= £h= Sl= Sj= SX« Si= £a= 0; 
frr fSa«l; Sa<niiinPHadi ; Sa-»^) 

If r?Hadi fsal .left=l&&FHadi [Sal •crrr.ca»«o&& 

PHadn [Sal ,dist_isft«*-48&&PHadi f Sal . vidth« 
else If CPHadi (Sal .iefr«2&&?HadT [Sal .crr^*oa= 

?Had:3 [Sal .disr_:ieft=«24&fiPHadi (Sal . widt:ii=>^^ 
else Lf fPHadi (Sal .ie£t«l&&PHad1 [Sal -crmoc 

PHadi [SaKdist^iefr*— 24fi&PHadi (SaKvidth= 
else If (PHadj [Sal .lefl:=»l&&PHadi fSaKcrxnoc 

PHadi (Sal .dist_iefr»— ^8&&PHadj f Sai • vxdth= _ 
else If (PHadj [Sal .le£t:«i2t&PHad3 (Sai .crrtioo—Oti 

PHadKSal .disr_iefr— PHadj (01 .wxdt:Ja&&FHadj (Sal •width=«24) Sd» sa; 
else If f PHadi (Sal .left=2&&PHad'3 [Sal .cn:Aoa«-o&& 

PHadi (Sal .disr_iefr=»48&fiPHadif Sal .vidUi~24) se- sa; 
else Lt [PHadi (Sal .lefi:«i&&PHad^ [Sal .crrnocr—Ofit 

PHadi [Sal -dist^left:— 30&fiPHadi [Sai . vidt:ii=«30) Sh« Sa; 
else if (PHadi [Sal .left=»2&&PHadi [Sai .crrnoo-»o&& 

PHadi (Sal. disr_ieft:«-42&aPHadi (Sal :vidtii~30) Si- Sa; 
else If [PHadi (Sal .ieft«l&aFHadi fSal .crxtioa—0&& 

PHadT(Sal .dist_ieft~-4 2&&PHadi (Sai .vid-ttt^4 2) S3=» Sa; 
else If f PHadi [Sal .left:=-2&fiFHadi [Sai •=rnioa«»o&fi 

PHadi (Sal .disc_iefr«30&6?Hadi (Sal • vidrh»^2) S)c« sa; 
else If (PHadi (Sal •iefr=-l&&FHadi[Sal .crraaa~o&4 

PHadi (Sal .disr_ieft—56&«Hadi (Sai .width— 36) Sl» Sa; 
else if (PHadi [Sa] .ieft«»26«Hadi [Sai .crmoa—O&t 
^ PHadi [Sal .disr_ief-t=-36&&PHadi [Sal •vidtA—36) Sm- Sa; 

s vii:c*i f PHadi [ 0 ] . vidtti ) 

case 24: 
if (Sf>0) 

( 

HaM«atc&(9,o,Sf ,0,0) ; 
Hangwatc£i(27,2,Sf ,0,0) ; 

if (Scr>0) 

( 

HanattatciiflO,0,Sg,o,0) ; 
Hanawatcii (2S,l,Sg,o,0); 

i 

if' [Sb>0&&Sc>0) 

Hang«atcfa(9,0pSb,Sc,0) ; 
Hang«accn(27,2,Sb,Sc,0) ; 

if (Sd>0£&5e>0) 

HangwatchflO, 0,Sd.Se,0) ; 
Hang«arcA[2S,l,Sd,Se,0) ; 

if (Sb>0£&sd>0) 

{ 

Haiig£latcft(29,0,Sb.Sd,0) ; 

breaJc; 
case 48: 
if (Sb>0) 

{ 

Hang«atcii f 9 , 0 , Sb , 0 , o ) ; 
Haiigttarcn(27,2pSb,0,0) ; 

) 
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) 



if fSd>0) 

{ 

HanaMarch flO.O,Sd.O,0) r 
Hangrta::cn(26,l,Sd,0,0) ; 

breaks- 
case 30: 

If (Sj>0) 

{ 

Han(?Match (9,0,Sj,0,0) ; 
Hangwarcn{27,2,sj ,0,0) ; 

) 

if CS)c>0) 

{ 

HangMatch(10,Q,S}c,0,0) ; 
HangWarcn(28,l,Sk,0,0) ; 

J 

break; 
case 42: 
if fSh>0) 

{ 

Hangwat:ch(9,o,Sh, 0, 0) ; 
HangMarch(27,2,Sh,0,0) ; 

if (Si>0) 

( 

HangWarchriO,0,Si,0,0) ; 
HangMarch(2S,l,si,0,0) ; 

break; 
case 36: 
if (S1>0) 

{ 

HangMatchf9,0,Sl,0,0) ; 
HangMarch (27 , 2 , SI , o, o ) ; 

if (Sm>0) 

{ 

HangMatch(l0,o,Sa,0,O) ; 
Hangwatci3(28,l,Sa,0,0) ; 

break; 

) 



void SetVlX 12 () 

{ 

COUNT Sa; 

if ^ (PHadj[0] .width«*-3 0) 

for (Sa«X; Sa<n;jfflPHadj ; Sa-M-) 

HangMatch{ll,o,Sa,0,O) ; 

^■'■bS i?ri^?*^^f^*5 -left— a&fiPHadj [Sal .=rrhocj=-ifi& 
PHadi [Sa] .disc crrftoa«0) 

HangMatch(12,0,Sa,0,0) ; 

) 

) 
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void SetVi;_l4 () 

i 

COUNT Sa; 



fcr fSacl: Sa<nimPHadi ; Sa.^) 

PHad^ (Sal .wiarii=»3 64«?HacST[Sa1 .disr_crz.-.=g=-3 6) •"Sw_.eft=-044 
•iangMateii f 13 , 0 , Sa , 0 , 0 ) ; 



HancMarcil ( 14 , o , Sa , o , o ) 

) 

) 

) 

) 



void Secvi5 16 () 

{ 

COtJKT Sa; 

if^ fPHadj[0]. width— 42) 

for (Sa»i; Sa<nt2aPHad3 ; Sa-M-) 



{ 

HangMarca(is,0,Sa.0,0) ; 



PHad7 [Saj .disr_le£t-42M?Had3 [Sal : widrs«^2«PHadj(SaJ .disr crmocr^o 
HangMa«eli(i6,0.Sa,0,0) ; 

J 



void SetV17_18() 

Sb- sc= sd- Se- sf- sa= Sh- Si- 
tor (Sa>i: Sa<nu3iPHadj ; Sa-t-*-) 



Sal .vidtih««24&£Pw*rt-i rc.n-'iTzi i&^i'ttaaii 



ILdi r 0 U 5S4Itlpi|S7l??"«S22 f ' "ormog—ifiiPHadj Tta 1 . disi: left- 
else If '7pHad?Tt" ?efiift2ipH^^ CSa I . disr_orrioq— oT Sd« s. . 

else If fPHad-jfSal leftesiiiSM.SvTr , """^f^*'*'*-*-"-°'^o?""24) Se- Sa; 
PHad:j[Sa).Sidth~ifr^i |™*'*^f^*'-°'^«'?~°'**«adj[sa].di^^^ 24&i 
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else if fPHadirsa1.1eft==2&&?Hadjrsal 
?Had3 [Sal .vidth=24) Si= Sa; 

if fPHadj ro] .width««4 8) 

( 



orrhog=o&&PHadj [Sa] .dist^lef t:==24&& 



else 

{ 

if 

If 



f£f>0) 
(£a>0) 

rsb>0&&5c>0) 
CSd>0&&Se>0) 



HangMatchfl7,o,Sf ,0,0) ; 
Hancwarch r 18 , o , Sg , o , o ) ; 
HanoMatch ( 17 , 0 , Sb , Sc , 0 ) 
HangMatch (18,0,Sd,Se,0> 



It CPHadj [0] . vidtha«24) 



(Sh>o&&So>0) 
(Sh>o&&sd>0£&se>o} 
(Si>o&&sf>o) 
(Si>o&&Sb>0&&5c>0) 



HangMatch ( 18 , 0, Sh , Sg , 0 ) ; 
HangMat:ch(18 , 0 ,Sh,Sd,Se) ; 
HangMatch (17,0,Si.Sf,0); 
HangMarch(17,0,Si,Sb,Sc) ; 



void 

I 

Sb- 
for 

( 



SetV19_20() 



Sc= 
(Sas 



Sd= Se» Sf= So= Sh= Si= Sj= Sk= 
'1; Sa<nuttPHadj ; Sa-n^} 



Sl= Sin= Sn= So= 



Spt= sq= Sr= Ss= 0; 



*'pir2?fl^?^- -i^J^""^^^^"^^^ [Sa) .orthog«l&&PHadj [Sal .dist ^eft 
PHad^ [Sa] .wxdt:h==3 0&&PHadj [SaKdist orrhoo— 30) sbi - " 

PHad2[Sa].width«3 0&&PHadj[Sa].dist arrhoa—eo) Sc° saT^*"" 
^^nu i-,i^««^*iiCSa].left-=2&&Madj[Sa]7orrnoI~i 

PHad^ f -^t^^-^ffJ^PHadj [0] .width&&PHadJ [Sa] •width~30&& 
PHad3 [Sa] .dist_orthog»»0) Sd» Sa; i j 

PH*rts ri!?*5^ f?^.^ .left««2&&PHad5 fSa] .orthoa«16& 

^IL^s r [Sa] .ieft=2MPHadj Sa . orrhog— oi& ' 

PHad J [ Sa ] . dxst.lef t:=-3 0&&PHad3 f Sa ] . vidrh— 3 0 ) So« Sa • 

it fPHad3[Sal.left==l&&PHadj[Sa).o2^oa«=i&flHad^ di^^ 

f^^^'^^fSa] .left~l&&PHadj [Sa]7orrhog«-i&&PHadirfiAi r^^^^ 
, PHad3 rsa] . width»-24&&PHad:J [Sal.dist Si« If t ' 

•5fSt_left:=»PHadj [0] . vidth&fiPHadj [Sa] .wxdth=24&& 
PHad3[Sa].dist:_orthog—0) Sl» Sa; j-wj-bwi <:4ft& 

^ ILd^ r ^!^] • lef t=-2&&PHadj (Sa] . orthoa=-ifi4 

,PHaS [It j :2iK-i^^^ff? CO] .wid«x..PHad?Ha] .wid«,«24« 
pS.hI ri^?*5^ fSa) .left— 2&6PHadj tSa) .orthog—iit 

* PH«H^ ri^?*5^ [Sa] .left— 2&fiPHad) [Sa] . orthog— i&fi 

^ iSaS f it 1 :2ifHSS^f«t?? ^^^^ -width-ae.. 

^'Inai' [iff*2i4?^l4i?f^n-"f?*''^ [Sa] .crthog«o«PHadj [Sa] .dist, 
"'lHa^,'[if?*SiilSl-Jtri;^'irf [Sa] .crthog-o«PHadj [Sa] .dist. 
''iHa^,'[if?!2i4l^l;^?rs^*II»'*'^^ CSa] .crth=g«o«PHad:) [Sa] .dist 
else If (PHadj[Sa].left==2&SPHadj(Sa].orthog— ofi&PHadj[Sa].dist 
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rHadT fsal .widrh=»3 6) Ss« Sa; 



svitcnfPKadj ro] .wict*^.) 

case 3 0: 

If rSf>o&&Sd>0&&Se>0) 
If (Sf>0&&Sl>0&&So>0) 
-r rsf>o&&sn>o&&sni>0) 
If (Sg>o&&Sb>o&&Sc>o ) 
If (Sg>o&&sh>o&&s}c>0) 
if CSg>0&&S3>0&&Si>0) 
break; 

case 24: 

if (Sq>o&&Sd>0&aSe>0) 
if (Sq>0&&51>0&&So>0) 
If (Sq>o&&Sn>0&&Sm>0) 
If (Ss>o&&Sto>0&&Sc>0) 
if (Ss>0&&Sh>0&aSiC>0) 

if (Ss>o&&S3>o&&si>0) 
break; 
case 36: 

if (Sp>o&&Sd>0&&Se>0) 

If (Sp>0&&Sl>0&ttSo>0) 

If (sp>o&&sn>o&&so>o ) 
If rsr>o&&sb>o&iSc>o) 
If fSr>o&&sn>o&&sk>o) 
If fSr>o&&S3>o&&Si>0) 
break; 

) 



HangMat:cA(20, 0,Sf .£d,Se) ; 
HanqMarcAf20, 0,Sf .Si^So) ; 
KangMai:ciif20,0,Sf ,Sn,SBi ; 
Hangrtarcnr 19,0, Sa,Sb,Sc) ; 
HangMarchf 19, 0,Sg,Sh,Sk) ; 
Hangwarcn(l9,o,Sg,S3 ,si) ; 



Hangwatciif 20, 0,Sq,Sd,Se) ; 
HangrtaccttC20,0,Sq,Si,So) ; 
Hang«atctir20,0,Sq,Sn,Sin) ; 
HangMatcnr 19,0,Ss,Sb.Sc) ; 
Hangttarcti(i9,o,Ss,Sh,SJc) ; 
Hangrtarch(l9,0,ss,sj,si) ; 



HangMatciif20 , o,Sp,Sd,Se) ; 
Hangwat:cft(20, 0,Sp,Si,So) ; 
HangMatciif20, 0,SD,Sn,Sni) ; 
Hangttatciiri9,0,Sr.Sb,Sc) ; 
Hang«arcnri9 , 0,sr,sn.Sic) ; 
Hang«arcii(l9,o,Sr,S3,Si) ; 



void SetPHacrossMLC COUNT num, COUNT farr) 

H^iSir'^®^^"*"'^®^"^^ > err(EIiR XINT ACT, 84) 
mxtPHacross ( ) ; - _ / 

UpdarePHacrsssML(£arr) ; 



void UpdatePHacrossMLf COUNT farr) 

COUNT Sa, Sh: 
cnar oPH; 

for (Sa=o; sa<86; Sa-nc) 

( 

if (Sa<PH£raine. height) 

for (Sb»0; Sb<PKfraine. width; Sb-M-) 
oPH« PHacrossfSa] ; 

If C?HacrossfSa)>PHframe,usedfSbl [Sa]) 

PHacrossfSal= PHf raae.usedfSb 1 (Sal ; 
If (Sb<farr&&PHacross[Sa]~-ioO) PHacrossfSa )= oPH; 

> 

else PHacrossf Sal« 0; 

) 

) 



void SetPHacrossMR(COUirr nxia, COUNT farr) 

i'^ i™^^^^^"*"™®^"™' J err(ERR XINT ACT,S5); 
xnitPHacross f ) ; " - ' 

. UpdatePHacrossMRrfarr) ; 
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i=r :Sa-0: Sa<86: Sa-i-p? 
(Sa<PKfra=e,neicr.r; 
f=r r£b«Or Sb<PHfrs=ie,viclr.^; Sb^) 



cPH- PHacrcssfSal 




^ . oPH: 

else PHacrcssf Salo o; 



void CoAcrvemC) 

defVioi- 0; ^ 

iLilkt^uh'^'^''^^''^^^ err(ERR.Xi:rr_ACT,300) ; 
PHadT ( 0 3 . number- t isan.nxaatier-- 
PHadMOl.vidtU- T IsaaTaW? * 

PHadT f 0 ) . otxftoo* 0 ; 

PHadTfOKdisr iefta o- 

PHadKOi.disr'cTOoo- o: 
nu3aPHadi=« i; " " 

SerVerrivOf ) ; 

void DoActrioord 

( 

PHad-j c 0 } • orrbog* o; 
PHad^CO],dist ie£t« 0; 
PHad:) [ 0 ] . disr"orziiosj» o • 

uli^o"^°^^ * CO]- number ) ; 

Db« xivarrxlXDtTSHl ; 

far roa-o: Da<PHf riae.beigbt:: Da**) 

Dc« PHacross r Da 1 ; 
if (Dc>«Db) lie**? 
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sise Da= 30000; 
XlvarfxlX-/ZRT0l1= uc: 



void H^nq:^.z^^^^:cZZ:rr V.-re, C=U:rr sec_r^-?e, CCUNT a. CCUNT C=UOT c: 



case 0 
case 1 
case 2 



SetPHacrcss ( PHadi f c: .nuaaeri r breax- 
SecPHacrcssKL f PKadi f 0 1 . nusDer .221 ; — eaK • 
S ecPKacrcssrtR f PHadT [ o j . r.uaaer .2Z) : ^reax ; 



H [^;5"fHiranefPKadnfa).r.uBfler) ) errfSPJi xxirr XCT.IOOO) ; 

•r ^sec_rype«-i) UcdarePHacrsssHLfS) ; 
exse UpdatePHacrossMRfB) ; 

else UpdarePHacrass ( ) ; 

[ 

updlriraacr^^^ .numoer, ) err f5-m_XXOT_ACT, 1001) ; 

if' Cc:=o) 

CJpdarePHacross ( ) ; ^^--^et ; ; [ ^^_x*.rr_«w* . ^o 02 ) ; 

MX V r type ] « Tsaac v_PHacrrss t tvpe i ; 
defVrtypej- defV^PHacrsss ( ) ; 

void Setvemvoo 

comrr ma. =cr 

SetPHacross ( PHad-j [01. nuaner > ; 
maxvroi=x maxv PHacrcssro); 
defVroi» 1; ~ 
aba XlvarfxlXDrrSKI ; 

far (na-ACT-^arrxACTrrHTll.!; na>ACTv-arf xACTTSlTl 1 -i-Xlvari xlXHXT~l ; =a. 
fflc» PHacrassfoa j ; 
^f (Z3a<6 I I mc^fifi) 

defvro]- 0; 
breajc; 

) 

} 

> 
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/* XINT PH.C 

/ * ~ 

/* runtions for manipulating and using PHframe records 

void '.'pdatePHframeFromT^isaiiK COUNT Nevoid, COUNT Upnum) 

/* Uses the current T^isaa structure to perform an UDdate P^^^ ..^ ^v,^ 

i^frt^eK"?;^"""'^^ records in the PKframe isIS lile! ° °^ 

TnumDer^ T_isam • number ; 

rorddes= T_isam. orddes ; 

Tgraphic= T_isam. araphic : 

TdestEf rame= T_isam, destEf rame ; 

Tgw= T_isam.gw? 

TgH= T_isaa.gH; 

''^gC>= T"isam.gD; 

Tloc2= Tlisam.iocZ; 

TItype* T_isam. height [2] ; 

t-ransY= T_isam.heiaht[3] ; 

if CTItype— 2) Tloc2= TgH; 

eise^fnile^"?*'^''^^^'^ Tmiter« 1; 

Tleft= 0; ' 
switch CTI type) 

case 1: 

if CT^isam. concurs 3 ) Tleft= !• 

breakt^ (T.isaa. concur i=l) err (ERR_XINT_PH, 0) ; 
case 3 : 
case 4 : 

while (T.isam.orddesi«=T_isam.destEframe) 

if (Oi«GetT_isam(T_isain. orddes)) err C ERR_X INT_PH , 1 ) ; 

CT^isaa.concur««3) Tleft= i; 

^^^2^"^^ (T_isam.concurl«l) err (ERR XINT PH 21 • 
preEfraae width* T isam.gW; ^^~^-^J-«^_^tt.2) , 

breaic; " 

) 

If (Tleft«i&iTniter««l) Taiter= 2; 

iii«h7?!?^e;"^''''""^"^^^ > err(ERR_XINT.PH.3) ; 

case 1: 
case 4 : 

if (Tleft«0) Tleft to left- O; 
^i®?«?^f^^-^°^^®"="-i*(TgW-T isam.oW) ; 
If {Tleft_to_Teft>0) err(ERR XINT PH 5) • 

bLik"^^"""***^^^^"^"^^""^-^^^^^) 'err(ERR.XINT.PH,6) ; 
case 2: 

Tleft_to_le£t= TtransV; 
breaic; 
case 3 : 

if ^^i?*^^^) Tleft_to_left« TtransY; 

bria J ^ (preEf rame_width-T_isam. gW) ) ^TtransY ; 

} 

if (New01d«-NEW) SetPHadj(); 
If (New01d«»NEW&&Upnuin«»ALL) 

switch (TItype) ^ ^, ^ . 
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Z2.se. 1: 

*- pcia'ceT_isa3nOf raae ( Tgw , Tg3 , Ti ef r_r ef r . Tr.uaDer , Tl aft: ; 

Dreax; ' ~ 

case 3 : 
rase 4 : 

If (0 :=GetT_isainrTorades) ) err: EHR_Xi:rr_rH, 12 2 ) : 

crdD5raiBei= T_isam.Ofraaei; 

crdOf rame2== T_isam. Of raae2 ; 

^frameUp= l; 

rreax; 



if (Trrapnic>122&£Tgrapiiic<129) 

U3ciarePHadiPHframesrTaW,2,rgD,Tlcc2.T=:irer^Tie£r_rs_left,:;?nua) ; 
:.f CTxirer>0) 

if fTleft) 

I 

UDdarePHadj PHf raaes ( 2 . TgH , TgD , Tlcc2 . rrrrrer , Tief t^ra^lef t , 'Jcnua> ; 
Tiefr_rc_iefi:--« TaW-TaD; 

UDdatePHad j PHf raaes < TgD p TgH , T=2 . Tl c =2 , T=:irer , Tl ef eft . Usnum j ; 

} 

else 
I 

Uodar ePHadi PHfraaes ( TcD , TgH , TsD , Tl 2 c2 , r=ir er . Tl ef ef t , 'J anuia > ; 
Tiefr_ro_ieft-H« TaW-2; 

UpdaT;ePHadiPHfraaBS(2,TgH,TcO,riDc2.T:::irer,Tle£t:_r3 left.'Jsnum) ; 
) 

) 

else 

( 

UpdaT:ePHadiPHfrainesr2,TgH,TgD,Tlsc2,T=irer,Tlefi:_ro ieft^Upnua) ; 
Tlefr_rs_left:-»— TaW-2 ; " 
UDdarePHad:jPHfr2mBsr2 ,TgH,TqD,Tloc2.r:rirer.Tlfift_ro_left,Upnua) ; 

J 

) 

else UDdar ePHadi PHf raaes ( TgW , TgH , TzD , TlocZ . T:rirer , Tlef t:_r a_lef t , Cpnim ) ; 
if f 0!^erT_isaa(Tnusu3erj ) errtERR XIOT PH. 100); 
If CDfrajaeUp) 

{ 

T_isam*Dfr2uiiei« ordDframei; 
r"isam.Dfraine2e ardCfr2une2; 

ir (0:«SaveT_isam(OUDn errtERR XZITT PH. 134); 
) 



void SetPHadj () 

{ 

starrEfrane- T_isam.nuatoer: 
initPHadi ( ) ; 
numPHadj* 0; 

PHadi [OK numner* srarrEframe ; 
PHadi [Oj .vidto= T isam.aW; 
PHad-] [0] .left* o; 
PHadj [01 .orriico» o; 
PHadi [ 0 ] • disr_i ef t « o ; 
PHadi [ 0 i . dist_crmog» O ; 
nunPHadi^-t-; 
PHad-jLeftO ; 

if roi-GetT_isaia(scartEfraaen err(EPJl_xr2rr_PH, 10) ; 
PHadj Righto; 
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void PHadjLeftO 

COUNT Pa , 

LeftlsGood, 

disr_orrhog, 

dist_ieft; 
unsigned char orrhog; 

orrhog* 0 ; 
disr ieft= 0; 
distlcrrhog^ O; 
Pa= fMAXPHADJ-l)/2 ; 
LeftIsGood= 1? 

while (LeftIsGood&&nui!iPHadj <Pa) 

{ 

if (GetT isamLeftO ) 

( 

switch (T_isam. graphic) 

I 

case 120: 

PHad j [ numPHad j ] . number* T isam . number ; 
PHadj (numPHadi ] . width= T Isam.gw; 
PHad j ( numPHad j ] • lef t= X ; 
if (orrhog—0) 

{ 

dist_left-= T isam.gW? 

PHad^ [ numPHadJ ] • orrhog« o ; 

PHadj [numPHadj ] .dist_left:= diet left? 

PHad j i numPHad j ] . disr_orthoga o ; * 

else 

( 

dist^orthogi— T_isam . gw ; 

PHad3 [ numPHad j ] . orrhog- l ; 

PHad j [ numPHad j ] . dist_lef t= distal eft ; 

PHadj [numPHadj ] • dist^orxhogs dist_orrhog? 

numPHad j 

break; 
case 122: 

if (orthog»«0) dist_left— 3; 

else dist_orthog-»— 3 ; 

break; 
case 121: 

I (^.isam.concur«2&&T_isam.condes=2) 1 I 
(T_isam.concur»«i&&T_isam.condes==i) ) LeftlsGood= o • 
else orthog= 1 ; ' 
break; 
default: 

err(ERR_XINT_PH,ll) ; 
break; 

) 

) 

else LeftlsGood* 0; 

) 

) 



void PHadjRightO 

{ 

COUNT RightlsGood, 
dist_orthog, 
dist_left; 
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aisr_ief t= 'T_isaiii. gw ; 

vnxie ( RignrisCoodi &numPHad j <MAXPHAnj- 1 ) 

If ^ fGetT^isamRignr () ) 

s VI r cii r T_ i s am - aratjiiic ) 
{ ' " 

case 12 0: 

PHadj (nufflPHadj ] .nuatoer^ T isam. number • 
PHadj [nirmPHadj ] .vidth« T Isam.aW; 
PHad j [ numPHadi ] . 1 ef t:= 2 ; * 
if (orcftog—O) 

{ 

PHad j [nxmPHadj ] . orxhoa- 0 ; 
PHadj (numPHadl ] .dist_ieft= dist left; 
PHadj [numPHadj ] .dist orrAog= O;" 
dist_left+- T isaa.gw? 

) 

else 

( 

PHadj [numPHadi ] . orrhoa* l ; 

PHadj [numPHadi] .disr_ieft= dist left; 

PHadj [nuaPHadl ] .disr orrAoa= dist orxAoa- 

(ia.sr_or»oo-<— t isaaTcW; ' ~ 

} ' " " 

nuaPHadj-K-^; 
treaic; 
case 122: 

if (orriiotT»«0) dist_left+« 3; 
else disr crxfaOQ-i-« 3 ; 

case 121: 

breaic; 
default: 

err f ERR_Xlirr PH , 15 ) ; 
breaic; " 

) 

) 

else RightlsGoodw 0 ; 

) 

COUNT GetT isaal-eftr^ 
( - 
COUNT retp 

others ide, 
OrddesSetOir , 
LeftCon; 

ret" 1; 

svitcii (T^isam. graphic) 
case 120: 

if^ (T.isam.nuaher^Leastlteni f T.isam, cancur-=2) 

orddesSetOir= i; 
LeftCdn« i; 
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else OridesSetDir= O: 
rreax; 
-ase i:-; 

■' T_isaa. ccr;des««i ) 

-f rT_isaa.ccn=ur«=li LeftCsn* 2; 
sj.se i-ezccsn= i; 

sise OridesSetDir^ O; 
rreax; 
=ase 122: 

C'r_isaa,c=ndes«»i) 

OrddesSetOir= i; 

if rT_isaa.concur»»i) LeftCon= 3; 
eise Leftcsn= l; 

else OrddesSetDir* o r 
break; 
deiaulr: 

errfEHR^xnrr PK,12) ; 
creax: ~ 

) 

if ^ fCrddessetDir) 
Others ide- O; 

??^?n* ^ ^rg^&T_isaffi.numDer . 2 : ; 

..^ (0~FRSS^rrr.ISAMORD.TrSMKEV(T_ISAMOIU5,rarg) ,iold_T_i^^ ) 
if ^^T^ f &T_isam. Aold^T^isam, T_rSAHRECXSr) : 

{ 

wtiiie rotherside— 0660— NXTSrT(T_rSAMORD,&old_T_isam) ) 

) 

jf ( Others ide—o) ret« 0; 

else rer- o; 

) 

else 

( 

if (Oi-GetT.isam<T_isam.orddes)) rer- 0; 

return(rer); 

) 

CODNT GetT_isamRigtit() 

COUNT ret» 

otherside, 
OrddesSecOir , 
Righrcon; 



rer» i; 

svirci ( T_isaa. graphic ) 
case 120: 
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rriaesSetOir* l; 
?.ignrccn= 2; 

else OrdcesSerDir^ 0; 
rreajc; 
case 121: 

- f T_isam. ccndes" 2 ) 

OrddesSerDir* ir 

If CT_isain.ccncur=l) Riahrcon= 2; 
eise RigiirCon= l: 

else OrddesSetDir* 0; 
sreaic: 
case 122: 

if f T_isam.c3ndes««2 ) 

{ 

OrddesserDir=* l; 

-f (T_isam.concur«-l) RighrCon« 3; 
else RiciizCona l; 

1 

else orddessetDir= o; 
breax; 
def aulr: 

errtEHR_Xi:rr PH.13); 
sreaX; " 

> 

if COrddesSerOir) 

{ 

others ide» 0; 

cpytouf (targ,&r isam.nunber.2) ; 

If ^ (0— FRSS£XrT.ISAMORD,TnaiKEYfT_ISAMORD,t:arg) ,&old_T_isa^ ) 

else 

{ 

while fOtherSide—o&fiO— HXTsrr:T_ISAMORD,&old_T_isatt> ) 
caytouf f £7_isaa»ioii_T_isan.T_ISAKRZCI-E>r) ; 

*^^i3-^?^-"^'^"""*^i5ii'CCon&&T_isain.graoaic>ll9&&T isam*craDnic<:i2' 
odiersiae» T isam.nunoer; 

) 

) 

if (OtherSide—iO) rer» O; 

) 

else ret» 0; 

) 

else 

( 

if (0!«GetT_isaa(T_isan.orddes) ) ret« 0; 

return (rer) ; 

) 

''°»«c.?S^«^®^!?f^^f"^;""'''"^^'^®^ 9"' unsigned char gH, unsicned cnar zz 

unsigned cnar icc2, unsxgnea cnar Xiter, COUNT left_to_left , COUNT Ucnunj ' 

iT=» locZ; 
iB- loc2-gH; 

far (Ua«0: Ua<nuaPHad j ; Ua-h+) ^ ^ - 
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if (Upnuin»»ALL! |Upnuffl»»PHadj [Ua ]. number; 

if CO ! sGetPHfrane (PHadj [Ual .number) ) errfEKR XINT ?H,20)? 
If (PHadj [Ua] .orrnog— 0) " " 

10= 0; 
iM= 0 ; 

il« le£t_"to_left-PHadj [Ua] .dist_left; 
iR= iL+gW; 

I 

else 

if (PHadj [Ua] .left«=l) 

( 

ID* left_ro_left-PHadj [Ua] . dist_ief r ; 
if (miter-«l) iM- 1; 
else iM- 0; 

iL= PHadj [Ua] •dist_orthog-gD; 
iR« PHadj [Ua] •dist"orrhog; 

) 

else 

{ 

iD= PHadj [Ua] •dist_left-left_t:o_left-gW; 
if (mirer—2) iM- l; 
else iM« 0; 

ilr- -l*PHadj [Ua] .dist_orthog; 
iR= iL+gO; 

) 

) 

PHw- PHframe. width? 

PHh= PHframe.heiahr ; 

if (iL<PHw&&iR>0&&iB<PHh) 

{ 

if (iL<0) w_s"tart» 0; 

else w_starr=* iL; 

if (iR>PHw) w_end- PHw; 

else w_end« iR; 

h srarr» iB; 

il (iT>PHh) h_end» PHh; 

else h_end« iT; 

for (Uw«w Starr; Uw<w end; uw-h*-) 

( 

for (Uh«h_start; Uh<h_end; Uh-»"t-) 

t 

if (Uw>«iL&&Uw<iR&&Uh>-iB&&Uh<iT) 

{ 

if (iD<6&&iM) PHfraae.used[Uw] [Uh]- -100; 
else if (iMMO) 
( 

if (PHframe.usedfUw] [Uh]>iD) PHf rame.used[Uw] [Uh] = iD; 

} 

) 

) 

if (0!»RWTREC(PHFRAMEDAT,&PHframe) ) err (ERR_XINT PH, 21) ; 

) 

) 

) 

) 



void NevPKf ramelnserted( ) 

{ 

if f 0!«GetPHframe(T_isam.number) ) err (ERR_XINT_PH, 399 ) ; 
NewPHframe- PHframeTnumber ; 
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''^_isaa.ncdrav««06£T_isan.iaeiaRm : >0 ) 



i:^f°-=G«T_isaafTni2aj ) errr£SS_Xi:rr_?H. 600) ; 
rsr :'Ja»i: 'Ja<nuaPHadT ; 'Ja-f-i-» 
-b- 0: 

II ( PHad-j [Ua } . crmsa—o ) 

Ub« i; ' 

) 

{ 

T_isam.crapaic<:i23) 1 | CT_isam.grapiiiC5»i4ltiT_isaa.arapaicci4 6) ) ) 

il^ PHadifUal.disr =rriioei-aD; 
1^- PHadn(UaKdisr"=rrriai; 

) 

..isam.grapaicci23) l i (r_isam.craonic^i4l4iT_isam*4rMa"^ 
iL« •l*PHadnUal.disr_crrasar 

Ub- 3: 

) 

) 

ii (Ub>0) 

{ 

PHw- PHaditUal , width; 
Lt CiI.<PHv4&lK>0) 

( 

switcia(Ub) 

( 

casa 1: 

swxccaruc) 

{ 

case 0: 



^-a.o 1 PHadi fUal .nmnocrr break: 

caaa n ._isaja.£rrame2- PHadi [ Ua ) . nuaocr : sreajc; 
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case 2 : 

case 3: break ; 

) 



) 

if fUoo) 

if CO ItrSaveT^isainrOLD) ) err (ERR_xrNT_PH, 602) ; 
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xr::T ws.c 

Funricns r=r secrir.r voricsurface and frsesranaing variajBie values 
void Setsuspvarf COUTTT serj 

CT^isaia.grapnio 122iaT_isam.crapnicci2 9 ) 

Tnu3a« T^isaa.nuaoer; 
TgD« T^Tsam.aD: 
rgM» T isam.cW: 
Tioc2=''T_isaffi. IGCZ : 
Tcancur= T_isam* csncur ; 
Hdia2= T10C2-2 ; 
if (sac) 
{ 

sftPHidfT?^"*^"''^"*^"^''^^^"^'^^' ^ err <EER.XI2IT_WS ,0) ; 

eLl^^tl^U^iS^^^^^ -iMTgW.PHad1C0].vicitt>; 
for rsa-o: Sa<HDIGLrH; Sa-h^) HdiafSaW O; 
for (Sa-oj Sa<:nuaPHadi; Sa-i-f) 

{ 

if fPHad^ (Sal .orttog— O) 

Sb- PHadi tSal.cisr left-left r= left: 
If ^ (Sto>»o&6Sb<TgW) " " " 

if (Oi«GotPHfra3BerPHadi(Sal .nusitoer) ) errfSHR XHIT ws • 
Sd- 0: 

for (S««Tloc2-3: Sa»iOr S«— > 

Sf» PHfraae.usadfSc] [Sal ? 
if (Sf>-TaO) Sd-*-^.; 
else Se« -30000: 

) 

if (Sb^-sc<TgW) HdigCSb-hSc)« sd; 
else Sc« 3 0000? 

) 

} 

) 

) 

Sa» 0; 
St>m 0; 
Sc* 0; 
Sd« 0; 

Xlvarf3clXStISP021« 0; 
Xlvar(xlX5U5P08i» o; 
XlvarlxlXSI75P14i» 0; 
Xlvarf3ciXSUSP20i« o; 
for (Se«0; Se<TgW; Se-*-^) 

If fHdlgtSe}>-i4) Sc-i-»-r else Sc« o- 

if fKdlg[Sel>-20) Sd^r ttst Sd^ S; 

t| fYiv^^JJJ^'^fSfSSL^^ XlvarfxlXSUSP021o sa: 

H ^v?"JS5 ^^•$fHP°®'<^*'^ XlvarfxlXSUSPOSi- Sb: 

n^i^S^ v^i^ffii]^^^^ Xlvar xiXSUS?14}- Sc: 

if (Xlvar(xiXSUSP20 3<Sd) Xlvar(xlXSUS?20i- Sd; 

if C01.CetT,isatt(Tnun)) err (ESR XUTT ws,S) ; . ^ cc 
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IS SetFreeVarO 



COUWT 



Sa, Sb, Sc, Sd, Se, 
Tnuffi; 



1 f ( T_isam . graphi c« 120) 
Hdig2= -1; 



Tnuffis T isam. number ; 
SetPHadJo ; 

for (Sa«or Sa<HDIGLEN; Sa++) Hdigrsa]= O; 
for (Sa«0; Sa<numPHad j ; Sa-n-) 

if ^ (PHadj [Sa] .orthog~04&PHadj [Sa] . lefti=l) 

Sb= PHadj [Sal .dist left; 
if (Sb>«0&&Sb<HDlGLEK) 



for (Se«0; Se<PHfra3ne. height : Se-M-) 

if (PHfraae.used[Sc] [Se]>a20) Sd-K-K? 
else Se» 3 0000; 

) 



Sa- 0; 
Sb« 0; 

Sc« 0; 
Sd« 0; 

XlvarfxlxrREE24]« o; 
Xlvar(xlxrRZE27]- o; 
XlvarfxlXFREE42]= o; 
XlvarfxlxrREE541- O; 
for (Se-O; Se<HblGLEN; Se-M-) 



( 0 1 «GetT_isain (Tnun ) ) err ( ERR_XINT_WS , 5 ) ; 





LEN) Hdig[Sb+Sc]= Sd; 
; 




r 



void SetBelowVarO 

( 

If ^ (T_isam. height [ 2 ]=-X) 

DoMe[0]«= T^isam.destE frame; 
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DoMerii= T_isam.Dframei: 
DoMef2}:= T_isaB*Dfraine2; 
=iaxn« 100; 

for (Sa«0; Sa<3 ; Sa-M-) 



/ 



fDoMefSa) i=0) 



for (Sc=0; Sc<PHfraae.vidtii; Sc-t-^-) ~ ^ - ^> ' 
Sd= O; 

for (Se«T_isam.iocZ-T_isaffl.gH-l; Se>«0; Se— ) 

Sb« PHframe.usedfSc] [Sel ? 
Sf= T_iScua.gD; 
if (Si3>«Sf) Sd-M-; 
else Se» -30000; 

J 

if (siaxti>Sd) maxhs Sd; 

) 

) 

> 

XlvarfxlXVrRT01]« ma^ch; 
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xi:tt_dsi.. c 

meMoronI: ^^^^^^^"^ "™ -^== m^aricr design darax^ase dv 

void DeietelnteriorByNtiMer (CCUNT DeieteNuauaer » 

SSet.numSelK 0; 
Cpnuin- 0 ; 
rheorades* o ; 
meconaes* 0 ; 
merype- o; 
nexrLkasr* o ; 
nexrcrdlten- o ; 
ieaveordlrem- ordltem; 
. canOeiece- i; 

f; f£'-G«*T_isafflrDalereNuiiiber) ) err(SRR XIOT CZi, 43 ) ; 
If (T_isam.nuai3er«Leasclteia) " ^^.h^,, 

{ 

canDelere" o ; 

vtiiie ( canDelere-»o&fiO«-NXTR£CCT_2SAMmJM, &T_isaiii) ) 

..isan.Dframei!«DeleteNumoeri&T_isatt.D*raae2i»0eieceNumoer) ) ) 

nextLeasr« T^isam.numtoer; 
canDelere- i; 

} 

) 

If (Ol-cetT_isaffl(OeleteNuiiiijern errCEHIl^XIzrr.DEL. 143 ) ; 
if ^ (canOelete) 

eisa^nt™S?$«!^"^®*=?^^^=^* nexrordXten- T.isam.orddes; 
exse nexrcrdltea* nextLeasr: 
ieaveordlten- nexrordXtea; 

tiierype* T^isam.ryper 
tneoradas* T_isam. orddes ; 
ttteqrapi:ic= T isam.graonic : 
rneaesrrfraae- T isam.destrfrane; 
•cneD£raiaea«s T isam. Dfranex ; 
?5^?nf Osam. Df raae2 ; 

S^sio^eivarTr^^^^"^ ^ err f ERR.XIirr.DSL, 151) ; 

i 

Laasritem- nexri.east; 
cpybufrrarg, tT_isam.ntiffli3er,2) ; 

T isatt,T ISAKRECX£N) ; 
If (T_isaiii.typei«ACflVZ) " 

DCa» 1; 
while ( oca) 

i 

cpytou£r&T_isaa.Aold_T_isam.T ISAKRTCl^) ; ^^"-^-^"'^-"-'^•^34) - 
-X (-.isam-rype— ACTX^'Z) DCa* O; 
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f 0!«GfirltaarT_isaia.nu2aoeri ) err C£3«_xr:rr ori..335); 
r_isain.deietaj3ie— i ; 
litem. deiecaJDie— i ; 
ir~ (litem. Uvarfl^lAss-fXlACOHCraiO) 

for fDCa»0: CCa<EI_sX8I; DCa+-t-) litem.Uvarfl Bss-cf 9*DCa>-t- 
^ litem. Uvarf I_lAss+xiACONCrai ]= o; * " 

if I riitem.Uvarf I_lAss-^xlAC0NCUR]<5) 



far rDCa^O: 0Ca<El_sX4I; DCa^-*-) litem.Uvarfl 4ss^^(5*DCa) + 
litem.Uvarri lAss+xlACOHCrai ]« O; ~ ' 

) 

f litem. Uvar f I_lAss-hxlACOKCURl <3 ) 

( 

for rDCa«0; DCa<£I_sX2I; DCa-M-> litem.Uvarfl 2ss+(3*DCaW 

litem. Uvarfl^lAss-i-xiACONCrai ]- O; - ^ / 

T_isam.neicntr litem.Uvarfl lAss+xlACOJICUin-n= 

) - i . 

If (01-RWTVRZCfITIMDAT.&Iitem.I_lenn errfEHR XIKT DEL.a^S) • 
if (OI=SaveT_isam{OLD) ) err(ESR_XINT_DZL,336)7 " * 



} 

else 

{ 

if (0!=GetT_isamrtlieorddes) ) errfES»_XINT DEL^145) ; 
if (01«GetIteaitAeorddes) ) err (ERR XINT DEL. 146 ) ; 
if (tnetype— ACrrTE) " " 

{ 

T^isam.deietabie— 1 ; 
litem. deletalDle— I ; 

) 

else oovndateXitemCioseVarO ; 
if (thecondesO) 

{ 

for (Dca-o; DCa<EI_sX8I; DCa-HK) litem.Uvarfl Sss+(9*DCa)+ 

if ( tnecondesca ) 

{ 

for (DCa-Or DCa<£I_sX4I; DCa-M-) litem.UvarCI 4sa+(5♦DCa)+ 
tllecondes^= o; ^ - \ 

) 

if Cthecondes<3) 

{ 

for fDCa«0: DCa<EI_sX2I; DCa-h-h) litem.Uvarfl 2ssi- ( 3*DCa) + 

tiiecondes)= o: " ^ ' 

T^isam.nexqnrf thecondes-n= O; 

) 

if {0!»RWTVRECrZTEXDAT.&Iitem,I_len) ) errfESR XIKT DEL,489); 
if (01=SaveT_isam(OLD) ) err (ERR_XI1IT_DEL, 4 90) 7 

cpybuf rtarg, &DeleteNinnher> 2 ) ; 

if ^ ( 0— FRSSET f T.ISAMORD , TFRMKEY (T.ISAMORD , targ) , &T_isam, 2 ) ) 

if (T_isam.typei«ACTIVZ) 

KilllnteriorT_isam<) ; 

while (0—ffXTSETfT ISAMORD,&T isam) ) 

if C'T^isam. type i -ACXrvX) 
{ 

KilllntericrT isam() ; 
} 



) 
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Lf (thegraphic=««l2 0) 

( 

numlf raae— ; 

cpyDuf (targ,iDeleteNujnber,2) ; 

if ^ (0==FRSSZT(T_ISAIIEFR.TFRMKEYfT_ISAMEFR,targ) ,&T_isam,2) ) 

i f ^ f T.isam. graphic l =12 O & &T_isam. graphic 1 =12 1& &T_isam . graphic ! =122 ) 

KillinteraorT_isan() ; 
while(0— NXTSET(T_ISAMErR,iT_isain) ) 

if ^ (T_isain. graphic 1 =120&&T_isaB. graphic! =121&&T_isam. graphic! »i22 ) 
KillInteriorT_isaa() ; 

) 

if ^ {T_isam.Dfranel— DeleteKumber) 

if (DCa>0) leaveor3ltea» nextor(iIteiB= DCa; 

) 



if^ fT_isam.Dframe2— DeleteN»anber) 

?S*T-2®^«?®?*'"*^,^sam(2 ,leaveordIten) ; 
If (DCa>0) leaveoraitea« nextordltea- DCa; 



) 

) 



H f9^*'<SetT isaa(DeletBNuaber)) errfEKR XINT DEL 1SS> • 
If ^ (thegrapEic— 1201 |thegraphi4~121||?Ee^pSic~!ll,' 

DCai"!f^^***^°^ Leastlten- T.isaa.nuBber; 
if ^ (GetT_isaal<e£t () ) 

elsi'lJ"S4ir?;jSlJI?! ) T_isaa.„uaber; DCa- 

u|niJ=^T*isIS!S2iS4r"°' «'^(ERR_X1NT_DEL,720); 
DCa- 0; ~ 

) 

) 

if (DCa) 
{ 

il^ (GiS!isaaIi;i?(Jr^'"^^^\^ err(EHR_XINT_DEL,721) ; 



0;) 



elsi\^^S;irSiSrJJ?> , J {"P"™- T_isaa.nu»ber; DCa 
uJniJ=^T!isIS!SSiSe;;"^ err(ERR_XINT_DE1..722) ; 



) 



) 



DCa- 0; 

) 
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— fO.=GetT_isamfDeleceWujnBerj ) err (EI»_XINT_cri.. 724 ) ; 

•'^iJ-i-nteriorT_isaa() ; 
rjcc=r 0 ; 

-^^ fnexrLeasr=o&&ttaeorddesJ=ieaveordItea) 

DCc= ■cheorades; 

» 

else if (tiieorddes—ieaveordltea) • 

if (0!=GetT_isaamiBorddes) ) errfESR xtmt nrr ^leo* 
DrawT_isafflfUD HIGHL) • «"^<-sk_XINT_DEL.21S8) ; 

DCc= meorddes; 
J 

else if (nexcordlteai>o) 

Dlai^llSjJTuS^SiSZr?""'""'' ^ err(ERR_Xlirr^DSL.158) ; 
DCc= nexrordltem; 

if ^ ( UiedesMrraae 1 -DeleteWumDersiUiedesrfif raae 1 -irheorddes , 
(tiiecfraaeii-o) 

ftlieOfraffle2i«0) 
D?ai?llS;JTEyjfg»;f^^^^«2, , err (ESR.XINT.DEL. 1042) ; 
for fDCa-o; Dca<sset.r.uasei; DCa++) 

{ 

olai^lSSTuSfSSf^^^' ) err(£ER_XINT_DEL,3000) ; 



if ^ (tliegraphxc— 120) 

for CDCa-o? DCa<nua£fraae; DCa++) 

^EfraaefDCa] [0]— oeieteWuiBber) 

for (DCb«DCa; DCb<nuaEframe-i; DCb+-t.) 

f?^^fr-SS?H°'= EfraaefDCb+nroi ; 
"f!?«JPCbi[i]= EframefDCb+ii ij 
Ef raae f ocis ] [ 2 ] = Ef ramef DCb+i j [ 2 ] 

nuai£f raae — • 
DCa- 3 0000; 

) 
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if (Upnuini=:0) DeleteXntPHf raaeUpdare (Upnum; ; 

else err fEim_XINT_DZL. 6600) ; 
wrdIreTn= leaveordltem; 
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WE CLAIM : 

1. An expert system for designing a connected collection of 
components which are available or can be made in different forms, where said 
components can be described by a selected number of variables, said expert system 
comprising a knowledge base and an inference engine, 

wherein said knowledge base comprises a plurality of records 
pertaining to types of connectable components having at least one 
characteristic, 

wherein each said record pertains to a connectable component and 
contains at least one characteristic for said connectable component and at 
least one rule for combining said component with other said components, 
and 

wherein said inference engine includes means for selecting a record 
for a first component, means for selecting a second component, if 
available, capable of being connected to said first component, and storing 
information about a plurality of connected components. 

2. The expert system of claim 1 wherein said characteristic for said 
connectable component is a constant characteristic. 

3. The expert system of claim 2 wherein said constant characteristic is 
a component name, component description, manufacturer identification number, 
price information, availability information, dimension, color or texture. 
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4. The expert system of claim 1 wherein said characteristic for said 
connectable component is a variable characteristic. 

5 5. The expert system of claim 4 wherein said variable characteristic 

includes information about whether more than one component has been selected 
and, if so, information about a second component and how said second component 
is connected to a first component. 

10 6. The expert system of claim 5 wherein said 

variable characteristics include information about where said second component is 
connected to said first component. 

7. The expert system of claim 1 wherein said rules include limitations 
15 on what types of components can be connected together. 

8. The expert system of claim 1 wherein said rules include tests for 
certain values of variable characteristics. 



20 



9. The expert system of claim 1 wherein certain connections are 
allowed only for certain values or ranges of values of selected variable 
characteristics. 
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10. The expert system of claim 1 wherein said inference engine checks 
a collection when requested and identifies points where additional components are 
required. 



5 11. The expert system of claim 1 further comprising means to draw 

selected components or a selected portion of said collection on a computer monitor 
or printer when requested by the user. 



12. The expert system of claim 11 further comprising means to draw 
10 selected components on screen with a selected field of view, scale, orientation or 

perspective. 



13. The C3q>ert system of claim 11 further comprising means to illustrate 
potential components which can be added to said collection and to illustrate allowed 

15 positions for said potential components . 

14. The expert system of claim 1 further comprising an option to 
generate output suitable for use by a CAD program. 

15. The expert system of claim 1 further comprising an option to 
generate a list of components included in all or selected portions of the system. 

16. An expert system for describing a component which can be made in 
different forms but can be described by a selected number of variables, said expert 
system comprising a knowledge base and an inference engine, 
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wherein said knowledge base comprises a plurality of records 
pertaining to types of parameters for describing or making said 
component, 

wherein each said record pertains to a feature and contains at least 
one characteristic for said feature and at least one rule for combining said 
feature with other said features, and 

wherein said inference engine includes means for selecting a record 
for a first feature, means for selecting a second feature, if available, 
capable of being connected to said first feature, and storing information 
about a plurality of selected features. 

17. A method of designing a connected collection of components which 
can be made in different forms but can be described by a selected number of 
variables, said method comprising 

using a computer-based expert system which includes information 
about available components and rules for connecting components, 
selecting a first component fi-om a Ust of alternatives, 
selecting a second component from a list of alternatives, where the 
expert system checks said first selected component to see what other 
components, if any, can be connected to said first component and presents 
a list of second components which are capable of being connected to said 
first component, and 

positioning said second component in a selected and allowed 
location. 
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18. The method of claim 17 wherein the user selects said second 
component from one or more lists of possible components which can connect to 
said first component. 



5 19. The method of claim 17 wherein the user selects a first location of 

said first component, then selects said second component from one or more lists of 
possible components which can connect to said first component at said first 
location. 

10 20. The method of claim 17 wherein the user requests the expert system 

to check a collection for completeness, missing parts or unterminated features. 

21. The method of claim 17 wherein the user requests the expert system 
to output data suitable for use by a CAD program. 

15 

22. The method of claim 17 wherein the user requests the expert system 
to output data suitable for use by AutoCAD. 



23. An expert system for designing a connected collection of 

20 components comprising means to accept user input regarding general specifications 

and selected general parameters and means to provide output comprising a drawing 
of at least one modular system which complies with the input selections. 

24. The system of claim 23 further comprising means to provide a 
25 complete inventory of parts. 
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10 



15 



20 



25. The system of claim 23 fiirther comprising means to provide data 
for detailed drawings. 

26. A method for designing a collected collection of components 
comprising using a computer-based expert system to accept user input regarding 
general specifications and selected general parameters and to provide output 
comprising a drawing of at least one modular system which complies with the input 
selections. 

27. A system for storing information pertaining to collections of one or 
more components, comprising: 

a design database made of records having means for identifying the 
components in said coUection and for aUowing for modification, deletion 
and addition of components from said collection including: 

means for recording linkages between components, 
means for identifying the component to which each 
respective component is linked, and 

means for recording the geometric relationship between 
each linked component. 



28. A system for storing information according to claim 27, including 
means for selecting a component from predetermined ones of said components fi-om 
said collection and designating it an active component and means for selectively 
deleting and modifying said active component so that only linkages between said 
* 25 predetermined ones of said components are affected. 
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29. A system for storing infonnation according to claim 27, wherein 
said means for recording the geometric relationship between components includes 
vector information associated with each component, said vector information 
pertaining to the position of linked components. 

30. A system according to claim 27 including means for storing 
information, during a process of adding components to the collection of one or 
more components, representing the current linkages, identity and geometric 
relationships between all components in the collection in a plurality of status 
variables and means for storing a subset of said status variables in said database 
after adding a component to said collection. 

31. A system according to claim 27 further including a knowledge base 
which stores information pertaining to constant characteristics of corresponding 
components, wherein said design database references information from said 
knowledge base for corresponding, respective components in the collection, 

32. A program for producing, in response to user commands, a design 
for a project from a system of components and a specification of all constituent 
components of the design where the design is a combination of components having 
a fixed, predetermined pattern of linkages and geometric relationship, comprising: 

a knowledge base for storing information pertaining to constant 
characteristics and potential linkages for each component of the furniture 
system; 
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a rule base for storing rules which determine what components may 
be Unked and what geometric relationships are permissible for component 
linkages in a design; 

an inference engine for applying said rules in response to user 
commands to form said linkages. 

33. A program according to claim 32, wherein said rule base includes a 
menu database having stored menus having user selectable options, which are 
displayed in accordance with what components may be Knked and what geometric 
relations are permissible for component linkages dependent upon existing 
component linkages, and global rules, which determine if components are Unked 
permissibly within a design. 

34. A program according to claim 32, wherein an assembly is a 
subcombination of components in the design and is capable of including another 
assembly within the subcombination, and wherein a respective, corresponding 
design database records information fiiHy determining each combination and 
subcombination. 

35. For a system having a functionally related group of components one 
or more of which may constitute an assembly, and being describable by component 
linkages and component characteristics, a collection of databases for storing 
information describing the linkages and characteristics of one or more assembled 
components of the system, comprising: 
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a knowledge base database having information pertaining to 
characteristics of each component in the system; 

one or more assembly component records for storing information 
pertaining to one or more components each of said assembly component 
records corresponding to a respective one of the components in an 
assembly and having means referencing information in said knowledge 
base for the corresponding component, means for recording the identity of 
a destination component to which the corresponding component is linked 
within the assembly, and means for recording the geometry of the 
connections between the corresponding component and any other 
component linked to the corresponding component. 

36. A collection of databases according to claim 35, including a design 
database having one or more assembly component records and corresponding to an 
assembly. 

37. A collection of databases according to claim 36, wherein a cluster 
assembly is an assembly capable of including components and assemblies of 
components, and wherein the collection of databases further includes a design 
database record for storing information pertaining to a corresponding assembly, 
said design database record having means referencing the design database for the 
corresponding assembly, means for recording the identity of a destination 
component to which die corresponding assembly is linked within a cluster assembly 
and means for recording the geometry of the connections between the 
corresponding assembly and the cluster assembly. 
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38. A collection of databases according to claim 37 further including a 
cluster design database for storing information pertaining to a cluster assembly said 
cluster design database having one or more assembly component records and design 
S database records. 



-159- 



BNSOOCrO: <WO 9301557A1„L> 



wo 93/01557 



PCr/US92/05650 



1/31 



11-^ (jlO 

iIIIIZI18>IIIljZIl7o#; 



12 



20 




FIGURE 1 A 



12 



11 10 ^ 

^■^7 oyoyoypy 



r-WoWoWoWo 
18 48 




FIGURE 1 B 



12 


3A 


1 








S L 


_/-13 
^14 






^15 



FIGURE 1C 



16-^ ^ BBB21 12 



FIGURE 1D 




SUBSTITUTE 



BNSDOCID: -cWO 9301557A1 I 



wo 93/01557 



PCr/US92/056SO 



2/31 



CM 

111 
GC 



CD 



CO 



« s « s 



o» 





in 




K? 


in 




O 
fO 


OJ 




O 


o 

m 


O 


i 


O 
m 
rj 




o 
o 


o 
o 


o 
o 


c 




fi 


o 
o 


§ 


S 


fd 


•a* 





m fo 



»- in 



o 



o 



o 


o 


o 


in 


in 


tn 
















rsj 





o 



o 

s 



g 

8 



Si 



si 



CM ^ 



u 



c 

4^ 
CO 
0) 



I 



o 



o m 



c « 

CI 

a u 

GO -M O 

U C 

0 « > 

o 

3 ^ 

1 I. 3 

?« U 

O » 

2 t 

<D U 

m ta m 

13. O U. 

u a * 

o.' £ 



"8 

t & 

o u 



o o 



4^ ^ 



01 



u 

cn — * 
a a 



3 



3 
u 

Of 



crt o 



3 *- 3 W 



I- 

o 

CD 



3 CD oe 



Of u 

> «» 

>o <M eo 

3 -D 3 •* 

^ OJ Of — 

rj £ 

ru i. Q. &. c u 

Of V) a 01 V 

« ^ to ^ 5 

CD 4-» C 4-f 

U ^ i- CD ^ ^ 

o u u. o> o> u 

CD ■ O « 



CD £X. OC 



eo 



Pi s 

CO ru 



OA 4^ X 



rsj ui 



O O 
»- 01 

o 

* U 



3 



GO 

g 

o 



3 



eo 

^ S o 

^ PO 

o o 

OJ fM «- 

*T rn 



3 



g 3 

2 e 



S eo 



O 

0) CA U 



4n* w 4^ 17) 

CO « » i- 

— . « 3 " 



CO CD O (0 
V* «J 4i« 

o o o o 



SUBSTITUTE SHEET 



BNSDOCID: <WO 9301557A1_.I. > 



wo 93/01557 



PCr/US92/05650 



3/31 



CO 

UJ 
QC 
3 
CD 



CO 

e u 

5^ 



CO cc 



C0 



c3 



UJ 



7 



J 

o 

4» 





















J 


e 


























o 


a 


sn 


















e 




o 






CO 


CO 




CO 


CO 






cc 








e 


o 


o 




u 


u 


+3 






u 


u« 


u« 








CO 




o 








to 









CO 



10 
CJ 



o 



«0 



60 
CO 



o 

CO 



CO CO 



CO ^ 
CO CO 



7TTT 

lo CO ^: 00 

CO CO CO CO 



CO 



o 



SUBSTITUTE SHEET 

BNSCXX^ID: <WO 930" -57A1_I_> 



wo 93/01557 



PCr/US92/05650 



4/31 




CO CO CO W CO 



2 2? o 

CO CO ^ 



SU3STITUTB SHEfcT 



BNSDOCID; <WO 9301657A1_L> 



wo 93/01557 



PCr/US92/05650 



5/31 



C NextMenu) 

NextMenu <0j 
No 




Yes 



Get NextMenu 
from Men u Database 

1^ 



Read Menu flags and 
set design environment 

I 



_Menu entry: DMvar(s) 



Menu entry: IF_DMvar(si} 



Is 

there a Default 
Jorthis Menu2- 



No 
Check 

IFcon(s) in all MselActs tor^ 
^tum_autbmatic_selecti3; 
= True? 



^No 

- For 
IFcon(s) in menu where^ 
lf_then_cannot_ select^ 
== True 



No 



Display Available)^ 
Menu Selections 



( Wait for Digitization^ 



Set up special menu for insertion 
of sub-assemblies into Assembly 



Force Environment digitization 
to Menu Selection 



Set NextMenu Flag 
and no MseiAct 



*^ Menu Selection^ 



'^^^ Menu SelectiorT) 



Remove selections 
from menu 




RightMouse) 



( NextMenu^ 



Get NextMenu number from 
Part Database record 
corresponding to 
Component PartNumber 



Make Component 
Active 




Dig in 
Graphic 



Dig on 
^omponeiTt2- 



Yes 



( Menu Selection) SUBSTITUTE SHEET F'GURE 5A 



BNSDOCID: <WO 930 1 557 A 1 I > 



wo 93/01557 



PCr/US92/OS650 



6/31 



f Menu Selection J 



Set NextMenu 



Is there arT^ ( NextMenu ) 




Figure 5B 



Yes 



Execute DMvar 



Yes 



Execute IF DMvar 



Yes 
— > 



Output Component 
to Design Database 



Yes 



Execute DMvar 



Yes 



Execute IF DMvar 



Yes 
> 



Change NextMenu — »^ NextMenu ^ 



RightMouse 



Making ^"'^^s^^^^ Yes 
Design Database^ > 




No 

Watt for Digitization^ 



Unselect the Menu Selection 
(Un-setthe default) 




Execute DMvar(s) 
for un-select 



Design: Allow user to 
modify graphic display: 
zoom, pan, window 



fDi 
^ M 



Execute 
IF.DMvar(s) 
for un-select 



suBsr jTure ton^iT 



Display Available ] 
Menu Selections J 



BNSDOCID: <WO 9301557A1 I > 



wo 93/01557 



PCT/US92/05650 



7/31 



Get TJsam record DN ("destination component 
number") of component to be deleted 



Delete all lower hierarchical components in the same 
grouping from TJsam, Gspace. PHframe and design 
DBA- Draw them OFF in the graphic area. 



If DN = Least Item, set new Least Item 


> 


f 




Get the design database record for DN 





Restore the variable values for DN 



Get the design DBA record ON 
for the component which has DN 
as its destination component and 
which has the same hierarchical 
level of deietablllty 



Get the design DBA record ON ("object 
number") for the destination component. 



Update the deletability of ON 



Update the 8_ , 4_ and 2_ variable values in ON 





f 


Save ON record 




> 


f 



Delete the same records for DN and draw it off 



Y 

If DN is the active item, set a New active item 



Y 

Get active item Design Database 
Record and restore its values 

SUBSTITUTE SHEET 



BNSCMDCID; <WO 9301S57Al_l.> 



FIGURE 6 




'I 

r 

i 



wo 93/01557 



PCr/US92/056SO 



8/31 



00 



CO 



uu. 



CO 



LU 



O ao 
O ro T— 
5: ^ o 



SUBSTITUTE SHEET 



BNSDOCID: <WO. 9301557A1_t > 



wo 93/01557 



PCT/US92/05650 



9/31 



Initiaiize T_isam svuciure ana 
oestgn database staiaure 



FIGURE 8A 



Save to these structures: 
Comoonent Numoer 
Destination Component 
Destination Frame 

(it an interior comoonent) 
Vectors tor insertion 



Get Part Dataoase Recoro tor new Comoonent 



Get Geometry Dataoase Record 
corresponding to Part Dataoase Record 



Deiemiine the axial iocanons 
and rotations tor inseroon 



Save T_isam struaure to 
T_isam Dataoase 



i 



Meter to i Jsam recoro usina 
oarametnc luncnon to oraw grabhic 


> 





(Geometry is Determined^ 



SUBSTITUTE SHE^T 



BNSDOCID: ^WO 930l557Al_ 



wo 93/01557 



PCr/US92/OS6S0 



10/31 



Write the pertinent variable values 
into the Design Database structure 




> 








Save this struaure to the 
Design Database 





FIGURE 8B 



J 

If this is a phantom frame, add 
corresponding PHframe record 



Get Design Database Record for 
destination component 



J 

Update Record's 8_ , 4_ and 2_ variable values 
according to the new Component 





Save Record 






> 






Get new Design Database Record 



Y 

Update new Record's 8_ . 4_ and 2_ variable values 
according to the destination component 



Save Record 



SUBSTITUTE SHEET 



BNSDOCrD <WO 9301557A1 ) > 



wo 93/01557 



PCr/US92/05650 



11/31 



0) 

4-' 

5 
c 

o> 
c 

*E 
c 

'5) 
c 

3 
C 
O 

2 



CO 

































GO 










O 










£ 










09 
















CJ 




Urn O 






O 






































e 


















1 


=5 




— • s 














o 








t 


3 








O 


e 
























c 2 


o' 


O 


e 















a 3 3 T f T u T 5" s H E rr 

BNSDCXID: <WO 9301SS7A1_L> 



LU 



CD 

LL 



wo 93/01557 



PCr/US92/05650 



12/31 



o 

r— 

UJ 

o 

lE 



CO 

.2 

> 



3 
CO 

O 

15 
o 



c 














CO 














o 














e 














CO 
























o 














o 




























IS 














</> 
















o 






* 1 




e 










< 














*. ' \ 








— * 3 










0= 




























•M 














O 




+2 CO 


















• 


m 










CD 






Id 








en 


LA 




cs 







SUBSTITUTE SHEET 

BNSDOCID; <WO 9301557A1^I^> 



wo 93/01557 



PCr/US92/05650 



13/31 



UJ 

CD 



£ 

s 
u 



CO 







w - 
































' . 1 


















CO 


•<> 




• e 








2 









SUBST|TUTI=' SSTET 



BNSDOCID <WO„ 9301 557A 1.1 > 



wo 93/01557 



PCT/US92/056SO 



14/31 



CM 
ILi 



u. 













r. 














































Frane 










• • 




Of This 










. 

5; 




Width 








» 

eg 


• * 

CD 





SUBSTITUTE SHEET 



BNSOOCtD: <WO 9301557A1J_> 



wo 93/01557 



PCT/US92/05650 



15/31 



E 

00 

it 

II 
II 

0) 
Q. 
>- 



CD 
O 

o 



o 

C 

E 

0) 

a 
< 



o 


o 






n 
















e 








i-< 








e 


CO 




CO 
















o 






o 














O 








• 






o 




H 








CD 




















u 


u 


o 




o 


to 




U 






& 












CO 






u 



J Ox 



uu 



CO 



CO 
O 















o 


e 




CO 


c 








S3 












E 


£ 


O 


O 


09 


CO 


CO 


CO 






o 


o 


u 


u 








Urn 


O 


o 































o 


o 






CO 


o 






u 




o 


(0 














o 


o 








CO 








o 


o 






4i* 


o 


c 








HH 


+2 






u 






(d 






CO 


u 


U 


c 






<d 













CO 



o 

GO 



<*5 



cn 



SUBSTlTUT it SKEl^T 



BNSDOCID: <WO 9301557AK 



wo 93/01557 



PCT/US92/O5650 



16/31 



CO 

c 
o 



o 



C0 

U 

CO 



4. .i 













































































e 


o 












+-> 










u 










o 


o 


o 










c 


c 


w 






s 










J 




J 










;S 




he 










S3 
CO 


CO 




o 


ns 




o 












3 


CO 


1 


1 


1 




O 




<SJ 













u 

CO 
CO 



CO 



LU 

D 

g 

LL 



SUBSTITUTE 



SHEET 



BNSDOCID; <WO 9301557A1. L 



wo 93/01557 



PCr/US92/056S0 



17/31 



















Width Of This Frane 


CO 




Id 
m 




^>^ 

^ " * 

CO'. 





BNSDOCID: <WO 9301557A1J_> 




wo 93/01557 PCr/US92/056S0 



18/31 













CO 
















- 




























e 






















ipti 






































1 - ; 






£ 






















O 




o 


o 


O 
































HH 




u 


U 


U 


















o 




o 














"S 




c 


c 










;§ 














c 














U 




J 


e 












CO 












cS 


o 












+^ 














u 




CO 




u 


o 


S' 










o 




s 


£ 




ro 




o 


u 








u 


CO 








c 
















1 


1 


1 




o 










CO 























CO 
r— 

LU 
CE 

3 SUBSTITUTE SHEET 



BNSDOCtD: <WO 93015S7A1 J_> 



wo 93/01557 



PCr/US92/05650 



19/31 




BNSDOCrD: <WO 9301 557A1 _!_> 



wo 93/01557 PCr/US92/05650 



20/31 




BNSDOCID; <WO 9301557A1 J_> 



wo 93/01557 



PCr/US92/056SO 



21/31 




BNSDOCID: <WO 9301557A1_L> 



J wo 93/01557 PCr/US92/05650 



22/31 



o 



s 













\\ 












y> 


















* «i 

. 








CD 




tsar 



o 

CM 

Ml 
QC 

CD 



SUBSTITUTE SHEET 



BNSDOCID <WO 9301557A1 I > 



wo 93/01557 PCr/US92/05650 



23/31 



E 



o 

<■ 



!/ 



3 



18 



CO 

o 



e 

Urn 



CO 



19 



CO 
CO 



CO 



CM 

o 



BNSDOCID: <WO 9301557A1 1 > 



wo 93/01557 PCT/US92/056SO 



24/31 



C 

15 

CO 

U 



c a 



0> CD 



\ 
/ 



o 



4-* 

o 



CO 













Si* 






+^ 










O 


u 








a 








o 




Cm 






U 


e 










CO 










O 






s 


&4 






o 


















e0 





CO 



c S 
o 2 

U 0) 

«.> 

(/> u 




o 

u. 



SUBSTITUTE 



BNSDOCID: <WO 9301557A1_I .> 



wo 93/01S57 



PCr/US92/056S0 



25/31 



flc e B 

SSs 



\ 
/ 



o 












an 






o 


o 




















e 


CO 






CO 






CO 


i 






Si* 


o 


(0 






o 












HI 


(0 




O 








M 








V. 


O 




*c 




o 






CD 


u 






O 






e 












u 


u 


O 












u 


o 








o 




"o 








IS ' 








EI3 



CO 



o 
o 
CO 

o 

























e 








o 






o 






c2 








o 


o 


s 






CO 








o 


o 




+-> 




o 


c 






HH 


H-( 








u 






ro 


CO 


"cO 




u 


u 








<6 













69 



e 
o 

CO 



CO 
<N 

LU 
EC 
Z) 

g 

u. 



BNSDOCID <WO 9301557A1 I > 



wo 93/01557 



PCr/US92/05650 



26/31 



0) 
U CQ 

si 

•S 

Li -D 




o 

CO 
CO 



o 
u 



O S CO 

|m Iff* 



u pis 



ICO 



v.- 














































































o 












CO 












GO 
























4> 


















C9 








O 


















s 






u 






a 




o 


o 






a 


s 














o 


CO 














s 


S 






o 















CM 
LU 

D 
O 



SUBSTITUTE SHEET 



BNSDOCID: <WO 9301557Al_l_> 



wo 93/01557 



PCr/US92/OS650 



27/31 



\ 
/ 



e u 

Urn 



O 

u u 

mm ^ 

CO c 



U9 



O 

m 













1:^ 

* 


































e 


















no 














CO 








o 


















o 










e 




u 




s 










CB 








CO 


</> 












e 




e 


U 


o 






o 


CO 








mm' 




+^ 






cr> 






CO 




rd 


CO 














c: 
















o 






CO 




o 


o 








£ 






u 








e 




e 




U 






o 








ro 


"IS 












CO 








U 


o 


o 








c« 


o 




















.u 
J— 




s 


Us 



in 

CM 

u. 



B U ST- ♦ T' U B T "^ruT 



BNSCXDCID: <WO 93015S7A1_I... 



wo 93/01557 



PCT/US92/0S650 



28/31 



re 
_ " 

si 

o 5 



.2 S 




O 
CO 

CO 

c: 



o 



u 
o 

CO 



































UJ 


ection 


i 

ess 


No Sel 



LU 
QC 
D 
CD 
u. 



SUBST'TUTE SHEET 



BNSDOCID; <W0 930l557Al,.f_> 



wo 93/01557 



PCr/US92/05650 




BNSDOCID; <WO 9301557A1_(_> 



wo 93/01557 



PCr/US92/056S0 



30/31 



td 



K o n 

SSo 



\ 
/ 



e c« 

e CO 



O CO 
CO ^ 







































+^ 


+-> 












u 


<■ 










O 


o 












CO 










e 
















o 














o 




o 


















CO 


09 








u 




E 






e 


o 




u 


O 


eo 










o 




4-> 


CO 










1— * 








o 
























e 


c 










o 










CD 


















o 










4^ 






<Q 


eo 


eo 


u 


O 








u 


u 






u 


o 








- Li 


u 


o 




to 






o 


c3 










S3 

















00 
CN 

LU 

g 

u. 



SUBSTITUTE SH?:ET 



BNSDOCID; <WO 9301557A1_I_> 



wo 93/01SS7 



PCr/US92/05650 



31/31 





"1 












1 








-i 





il 



\ 
/ 



s 



c: 

























V.-* 














Part 












u 


Defaults 


Iten 


a 
e 






Return 


Change 


Delete 


Delete 


Save 


i 



(9 
CO 



CN 
LU 

CD 



BNSDOCID: <WO 9301557Al_l_> 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/US92/05650 



A. CLASSinCATlON OF SUBJECT MATTER 

1PC(5) :GOtfF 15/60 

US CL :395/X55 ,161; 364/512; 395/921 
According to International Patent Classification (IPC) or to both national classiAcation and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 395/120. 160.156; 364/474.24; 395/75. 77. 919. 923 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic dau base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X.P 
Y.P 



US,A. 5.038,294 (Araicawa ct al.) 06 August 1991 See the entire document, especially fig 
1. fig 4; col 2. lines 23-57; col 3. lines 34-53; col 5. lines 6-15. 



US. A. 4,700.317 (Watanabe et al.) 13 October 1987 Sec the entire document, especially fig 
1 ; col 1 , line 66-col 2, line 4. 

US.A. 4,835.709 (Tsai) 30 May 1989 See the entire document. 

US.A. 4.870.591 (Cicciarelli et al.) 26 September 1991 Sec the entire document. 

US.A. 4.939.668 (Brown et al.) 03 July 1990 
See the entire document. 

US.A. 4,275.449 (Aish) 23 June 1981 
See the entire document. 



23.26 
1-22.24-25 
27-38 



1-38 

1-38 
1-38 
1-38 

1-38 



I Further documents are listed in the continuation of Box C. [ | See patent family annex. 



SpccUl categoric* of cited documcata: 

document dcfioing the general atatc of tbe an which ia not comklercd 
to be part of particular retevance 

earlier document pubLisbed on or after the international Tiling dote 

document which may throw doubu oo priority cbim(a) or which n 
cited to ealabliih the publication dote of another citation or other 
tpcciat reaion (as ipccifiod) 

document rerenring to an oral disclosure, use. exhibition or other 



document published prior to the inieniatioruil Tiling dote but Inter than 
the priority date clauned 



iBicr document published after the international Httng date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention caiuioi be 
considered novel or cannot be considered to involve an inventive step 
when the document is token alone 

document of particular relevance; the claimed invention carmoi be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combinotion 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
14 AUGUST 1992 



Date of mailing of the iniematipnal search report 

5^ 



Authorized officer 



Name and mailing address of the ISA/ 
Commissioner of Patents and Trademarks 

Box per 

Washington, D.C. 20231 
Facsimile No. NOT APPLICABLE 



RAYMOND J. BAYERL 
Telephone No. f703) 308-1586 



Form PCT/ISA/210 (second sheet)(July 1992)* 



BNSDOCID: <WO 9301S57A1_I_> 



I 



THIS PAGE BLANK (USPTO) 



